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MiMHrttl Ha^t«r i n tih« BaiilKaiiJ 
TiMiMTt id flb tikt and 
Xiii«rt«d ttt tfeM «ad 
i i i X lSl4* liMM ttUKi^ ttf flMiitnti aitriMA i n JUiiLi MRA iiiiUirml ft thunawidi 
qpMi for «Mil Mas bB^ aatona. A l i s t ^ tJw tLMMffweim of eo«It tlM&r 
A .ii|Titiw»tili!i: msemf of tlw Indiaa mmXtitCM mm «t««i«l ao«i al%«r 
tlMi mAmWitimmA of iiiB GooXagittttX Sorvi^ of £a(flo JUi f ^ m m gwi l t aC 
ysddt ooob 4alft i » a«»lX8blo« )n«»dlQs tlui goologjr «Bd oomioaite vtMoontoa 
«r thaaa oiMilft»ltfa» titfo^iil t l » MMrk of oybalk^ &lanr«rt ( t ^ « I8(^t)l 
(SAwi ( t t i f t , t i l t ) j Ba^Mft i%tm, t i f f * l«m» t ^ u ft77)l Ni^^^ ( t ^ ) $ 
Jo»M ( f « 7 ) | ^8d«r ( I90t) i SlapMtt (tfQl^ f90^ f9t3)l BiQPim ( I9 f0) | 
ailipaoa Mft 8 a U (l9S£Di N IMIa i^a ( f ^ 0 ) | Anatfe ( m $ ) | fm ( l ^0» 
t93^)s 0«o ( t ^ ^ t«38l)| mmm i%99^h ^»^^ «»> M n « ^ (tfST) an! 
Mifaia a i^ ^mtA, ( I 9 l8 ) . 
Iia6« PoK (l$fiM&« 1937) «Miii<mit f i l l m^Xm mimt %bm tAmwrno^m «ildi « «!•« 
to aHidr tlMir «ptiea2. b«bK«iMr. X M M I (•«• GfOtfiiiai 193?*^ pp. 6 ? ^ ) 
MMi iKt %im ^«l««i« «(»2JUUf7» B«nyaMr •HMBunHi, BjittgwiJ melWji^M, xmivf 
%ltmm «OftX« to littv* <»4<ifiKt«d tf^m a uwimitiwuiia fXora. C ^ U W T J M {%Wi) 
imMSiii^ ilM MdUHro«tfii(e^ ttx« af •oat Imtlait jriuHtlM aadir tftt«Hltt«d U | ^ 
to tHRW bom dMrtLiRMl A K H ft VIJI^ gjfBOigpoiimio l!3Mm« i4itMP« o flo&oliod 
potiftlfli^qoX otadar «t tiw JMloa ooolff M M MMIO ligr Q«ija Ci$59 )^ in l id/^ 
tbo iAen»«tniet^ E*oo aM BlHiidoiiX «a&2jP80o of o »tob«r «r ooalo trsm ^ tl£for«it 
ooolfloMo h n * tMMH& doooKtIwI. Itilo IMW faroHSlMb to i i | ^ « flMiMr of 
iaUdPOitiilB lAojRMMopia f MAMunHi ef IHooo «oo]4i. n»Ngb liio otli«r peStHig-
oiAloao {1^^« t^J^, f ^ y t99i« i960) Iw oootrltetoS « 3^ ^ toMWds tto 
gfotiiJii ooinfloo of ooal potvoiogjr to &dl«. J^ MNIK ottaor oontrtlwtoro i» 
tido Hold »M Gban^ bro (19^, t m » t1»^)l Ftfrwlc ( t ^ P » t9!#« 1951^, 
t9&2)| Cbottor^ & {aio«li (}962)f Qonjtt «»t Poafe <1963»» t9i:^» t 9 l ^ ) . 
St«dLoo »f ifovoo la tto LoMMP QoaSmmk ooolo lumi bom aoio bf !^MM 
(}9t5)| Oboift ot.«I (t9l7)| Soo onA fimX (t9$2)| txiiMd^ (I952)s aw«i«o 
• t . ol (t9diS) oatt &rl«)Hit««& (t9Sl^ )» Qa tbo boois of tbo wLvBPi-'fhxnX 
goo« tbo mnNdatioii of oaoM «f tbo fianl^^Mii MMoaro om2 ooom bm 
m 
diikmfitM ligr iiiklwrjat ( l%2} | Sim i%%k, 19S») and Qlio^ 6 Sm (i%8)« 
lAfuieiiaiml fwiwnw ant •oamsaAm gtBOwo— of th« lliiiitg»ttj ooAlflsM «nt 
t i l * n w M ^ %im tmUsvkm ^MFm mmAiaat Slaaford ( i t f rOi QiUbMi (td60« 
f M t ) ; Qaii^mt im7)$ SisqMoa * teU (1^22)1 nriiilMw 4 Satet (t9e5)| Wm 
< t * a F , 1 ^ , t |3 t» , l«3 l * , IS34)| <!•• <IS30. ««»• mSh Om •t««l(l9!0) 
«al IW*a ( 1 9 ^ ) . B i * * f i | | t f i i i i« te)« lAwoM^to witlWBfetnn of th« Banlsi«| 
«>«l0f ^b» f i n ^ lyitiiiitite littaapt H M nada bgr Gkm^ (f9S^)> OHst^ s Uw 
wwr— of bis InwwfclffAtiMi of yw ftftidggnj o(9*ls» G M ^ f « l i Utafc « aor* 4l#-
tttUadL •terosoopio attxtjr ^onldl Iw ante and, «»M(^ililK}7t a% h i * s^iiMilieni ^ 
^rwwot ianMsMi^iciii M M madmeU^iam bgr ttM aat&or. tlM aKbhor «i«it«4 tiM 
amw dmtof tiMi Mii^«r • • » « » of 1191^55 I A oonrwctriim idth oMudadLos rmaraiiB 
ta^va ooal aa^plae frtMi i ^ t t e ii»riEd»la and aaaaa ta %hm dlffacwtt ooUiaciaa. 
As tlhtfa ia no aufellabad atUKtygA of ^to dlJNMitioii of i^ Laab in t ^ a»i«t»»»t4 
esaJU^ tba ai^lior i««tait«d the iOfoa ieaHm *^ tUHA aaaaon of 1957-58 a^ 
tkm a^B^Milon of bis wapmrrimst^ 1 ^ d^jrwsiioa of elsiib «•» aMunrod tek 
a^ losalfttoa idMdB «a aMn^iani atf«fb^ of 32 ai laa. A M X-WMLU «€ tMa 
iafoatigatlrm, idiiftfi foiva a ^ x i of tiMi aato ixmrn^kif^sS^aA, turn baoa jpMtollrtwd 
^ Qaii;|i ft HA UfHsf), 
Q H I BwrtipHaJ i^ala &M» baon analyaad tgr « autmr of iavaalicriMini iiMwSjr 
mtfmm ( I9t0}t S M (1992* tliO* t % l , i9W()f P«rM»r (t934)f FOB ( t 9 3 ^ ) | m 
(t9U}»9 t9MI^)| (Ooc^ I955*)» snd OQM dotaila avo afaiUbOo %iara^ ^ i t 
(4) 
fiml Hnmaroh ]biatiiut« i»iaioai4.ons of IBAL& (f9!^« 1955). Th«r«tftar«, 
(faring tb» eoorsa of tlw pcmovat IxvmtAXg^tXon atach strvss wui not laiA 
OB th0 ohwda»l aaalynon of t ^ s * ooal«. 1 ^ paroxlMA* Mial^ MiSa ealarHle 
v&l»as, oarlxm tHoadUt^  &ad anliiiwr oonbaRts and tins spaeiflc ipravtt/ (U(t»«-
•InationB wtetm w<l« In wrd«r to wncftwinii ttm r<aIatioa»M.p biA>iM»n iha 
pwtolc^ioei oaoatltutiaa and the ehttsdcal ehar«»t«ri^ios of tb(t »«ilj|W\j 
eoals. A studf of th« offeeta penjdws«ft l^ a alo^poriitotito (^r^ on UM 
QlialiMriiarli WM% lUmigniiJ mmoKOfs, in ttM Sodcpur (»>iM.«rxy «BS also 
in ordbNT to •Kaaina tho ebeiaioal, |4isrsloaX and Bd.cro»«traetaral c^ng— 
hii'i>mllit aSKKi^  by tlM tMiat of idtrasitm of 1 ^ ^ ^ . Tb» rssalts of thL» 
invostigstloii* ft pHTfe of %im aftia iavwitigatlan, h&mi boao pobllatesd bj 
Qaai^, k Pant (t962i)* 
5(3 ooMil ndiptos iMoni eoUaetad trasa a l l tho wark^ diXo tmma in 
tfaB Taricma oolXieries, aofttly l ^ a the iini«'gxt»Bid nurkin^. Q<»»ldezdng 
t t e mriMT of productive coaX ameim i^th are 17 i a ntHAMr» thdlr encavoiia 
thieiaieas and eactesjb 6nl the er«a of Uie coalfleM of the ovAw of 6l9 
S(|u«re ai las , i t %ms rather dliffieult to eolleet pillar aaipl—« &it aa 
tha aidLB aia of the prasMit liiv»8t44^tlon ym» to s^ ttdy the alcrostmetoraa 
of the Rmtg&aj coala ia datail, %if WBylaa are falrljr representative for 
this parpota. The eoal aaitfiUMm uere collao^d frt» a naiMnr of eoXHerlea 
•Mlljr in the dirvetlon of the atrltas of Urn muam &nd fr<^ siaLXar hc»ni»8Ui 
in osnSuee to atudj thfldr horiasontal Tari^JU>n, i f i^ i^ * About 60 e»lliariea 
««re ^l^ted for eolleetion of the taaterial and Xi&wr, a laudber of oth«ra 
for oolleotljig dufta mfiartiing the diraetion of clmtA in tbe Banig«Aj ooala* 
C5) 
TbB aUrostzudbttrtts of 1 ^ HanlgGaJ eoals haw bacn <Uiserib«d 
llRwi idbout 2W tbin act ions and 50 polished blocks In tranraittfld and 
roflsotsd Ugjtit re^MwtiVBljr. A dstailad study of the nstore of tiw 
jwdns i s the RaalffuiJ ooals MM ande. fb* opAqoe re«ls8, 0a«|>eeted to 
be l^ins^l bodies bj meai^ ytorksm in India snd eixcoad, twre exsodiMd T « 7 
c^ref^ll^ in trioaaltted end reflected l ight. Tim results ware in fsvwtr 
of en^bllsklaig their ideantlty AS opiufim re^jM find this inirestii^fttios bas 
been eoceptad for poblioation in the Proeeedii^ of Uw Kstloiml Ins t i tc^ 
of SeiaoMs of JadiBk (Gen^ & Pan^ » I962e). 
the results of the chmadLoal investigation etre based on the proacLantt* 
Moalyses of ItO eoal saaples. In addition, tlM eale»rifie valaeSf earbcm 
diaadde and suljrfaur contents and Urn %>. Or. deteOTdnations nsmi aade for 
^ <K»al Muaplee. 
Tbe sLiaPoscoiJle iirrMti^tion was carried in toe laboratories of 
the OiqjartsMrnt of Geology, ItUU., Aligarb. lb* proacUnt* muHjpmm wra 
MbmaAatd in tbe Xsbcral^ HlAS of the Freslcton^ CktUegs, Calcutta, aai 
the rest at tbe Reelwial H«aetty^ l.dMMnd*«ry, Hyderabad. 
All the asterial OMXMBHing this investigation i s jB e^aertrsd in 
the DepertiEBBt of Geology, Hoslim Qni'versity, ^ligarfa. 
Ibe sMtire investigation M&S earrlod oat xmAner the able gaids^ acw 
of Professor P.M. Ckoiju, Pii,D» (OnrttsMi}, Pb.Q. (litoknow), A.M.!. ItLn.E., 
<6) 
F.G.S.* F.II.X., P.P.S.jr aaad of l^ to G«o2osr D^jartmiife, Hoalim Unlvwrsitjry 
Aligttrti. XlM aiitlwr i s ^^ rwatljr iJQd^ a4>«d to fadUi for ettggss&ing Ui* fWo l^iK 
and flt^Mnrlsioa thwuj^ yiwi! %ta» eour«* of the investigatlcm. 
HM Miliar idiiMis to rteoard fed» crtat in(i«l^ .«dsMia9 to He. S.H. Suol , 
B.3tt, HoM^ (Caleattft), M.So. (Calic^itta), Ph.D. (Saugar), F.P.S., P.O.M^., 
HMd of ibe 0«>li:^7 D&ffMetmmtkt ^ttoU* Univamltjr, a^igszHht, u»i«r ttea* 
kind w t^fttPvislcHa tbia Uwsis ba* baaa vclttae «nd la balDg aite&ttadj, and 
fen* infttalug iarawiaa ooonga wltlioiit «i2lob i t MOfuId asot h&rm be«a posaibla 
to pemamA Urn tbMia ao aotm. 
jUa aaqjr»aa— hia doa^ gratitocEe to tha Cbtaf Kliitng Ma^jn^ar, 
Aairaw laXm & Co* and ih» Sop&eisAmvAwsAf WaenalXl Barry & Co. rad otbar 
alnliig eoDB n^oa In tba UmiXe^ etmlXiMM for UMIX kind paraAaalwi and 
hmip to oolXaet CKMUL aaaplaw and ttiat aai^jl^ltig irtialt aaatJUma and bcMra 
holm raoovda. iHa ainmapa tfaanica tfra dua to I^ rofaaatMr S.M. Q)stt9rJ»a» 
laaA of ttui QtMloiar Oapaft—rtb» Cali»tt& Uoivarslty, PrasidaiK^ Ck>llagaa 
CaXotiitat t^ ^o ^ ^ Diractc«>, H«^ g;len»l Baaaareh LabcuRit<nria8, l^ ptenAiad« 
f«r {srovidiiig l i l l w»t8 of faeilitlwa daring tha coaraa tai tha <iMHrfAaX 
iaiNHtiil^ fttioQa of ^ a RanlgiiiiJ coala. Tha ttlthM' «lshas to iAuoik. UM 
alnMAor Qmmralf Qi>logij»Ll Surv^ of Indift^ Cal«tttay for prov^liqg 
faei l l t laa fca* oonaultlt^ lit«rati)ra thMPa. 
*nM JBUtbtn' la ynr7 Got»ol(3«» of Ida ^M»t to aU bia eoUaagwia f^ 
tiMiir a^^praeiation^ good wLabas and agwoumgaaartt at ovary s t a ^ of thla 
<7) 
lnf««tig«feioii. 
SlaiMn Uuida are (kw to Um aaUwarltim of the NuOia UaiymraXtf, 
AUiEarh, for th« vmxd of & B M M V ^ F«XloiiBhlp tcae & pveioA of aloaiA f8 
IMAIW during t te fan t95i^55. 
Tte «Btbor aelQ»mUdg9S with thanlcs the bmlp HfadU^  Mesars I . AhmA 
tad lf.A. Bas randwed in pnqparliig •»{» cynd (Starts, and typing this thMls 
rvfif>aotiv«ljr< 
Laait» but not 1 ^ least, UM atttlKa' idi^ies to pi^ In n«<»rd tlw 
esaistamw in oaiLBalatlGOw and interpretation of pJLuit etrtMstanM by hie 
^aim ma, S.V. Paak» M.Se. ikUfnuh), for i^eh he i e thankf^ to h«r. 
asmixst or tm umsMu comj^ jpszi) 
tbm GoaJmna. BrAmt 
Tha Raniganj <»>al£ield oecs^ dlMi an maiMTamat positioa aaot^ tb» 
Oaaodar TalXqr ooaJUCLvMs of IntiA* ttmm ooeJi^bmrii^ str^Mi^  jncluritns 
tlM Haniganj ooalll«lii« belof« to A vast igraiUa of terrMtrial MdiawUiy 
rook tvemtSjem, keavn as the GoaiMaia SjB'^mp ranging in ag* ttfm the U|^ ;}«HP 
CattMiLfMreas to tbe Lownr Czwtfioecnis. 
Sei^ upding UM Eu^ure of 4^poslticm of tim QnnAmitm »<rtiawt.a, 
dlfferw^ vlOMB have been wqprewMKi bgr iwrio«te aathozv. Ck»i»id«lng ttie 
fie^K|MXit a2t«ati8.tlon of eoarae and tixm beds, eorrwit aarks and the loeaX 
wmdng aM r^ of the mpptt- pcfftimw of tSxB ooeX eeaiae* QQU^ WR ( iS^* p. t5l) 
4riMpasrve«: "On the uhoOe, the evldm^e Is deoidedljr in itenut of flnviatlle 
«riglA for the Qcoidiiaoa ny^cs, and i t i s |a^>babls that they mx^ deposited 
i s s great river valXo;/* or sttriLes of river v&llegni« not uaUlce those 
^ttLtb, fora the Xodo-^ Jangetie pljains a^ the present day." SiM^mm & Ball 
(1922« p. 2) «re of the oplnioa th&t the &»idi«nas ymm deposited in ftwdi 
iMt«r, probably fay rivers^ and ocmq^ y basin^idiaped digressions ia the ttMmt 
(f) 
MoordiAg to Was. (I9!3t»« p. 47)» tb* sr«a«it diafcribiitioQ of ths 
yazloos loMHr Ck>»liM)e ooalfittMs 1« wiggaiHy of foiaf groet basins of 
^te]»siti^ eod favmars th« id«& of groat lAkos. Tho saoB aatlior (t9>i»« 
p, 23) *l80 fliMMmRi thai the Ooafnaoa MdlfiMnts wKtm laid dknn in lakes 
la "lift'' v&Uigr* vad %kmr9 iq^>«ars to havo boon a liolt of trwig^faolt i^ 
aloi% the lino of tii» &atMM3»-3oa vallsQr and bnn^ass trom tlis mala "ritV 
into tiw Umadar, Hi^ iaiiaiii and Haxttha>GodavBrl vallojrs. Ooe ClS!!?2, p. jO) 
I s of the vlow that tiw Itemdas of tho Kani#BaJ <K>aXfie3jd ««r« laid dom 
in Isx^o opm. flood-plains, inl^«d lakjM f» iMMpii. Th« MMS ai«tb«r 
(f%5» p* 30) i r l t s s that daring ^M odLd-Palaoosoie tisMs tho Goadiwulaad 
w» drainad norUmards by a aaalM»> of laxgo rlv«rs into the sea of f e t ^ 
taA as the dsfwdaticm oonttinoed soi^ hMBjrds, this anoient Innrtfiese «ias out 
into a Mfles of wide viUJLi^ and low-laad traeks in vhioh the fr«ah-t«t«r 
Gcmdmna awliiMmts macm laid dom. Ganjtt (1955^» p* 2) (masJUlers the 
QcHodMina eoal asaaures aa^ r peobtktlf be deltaie. 
(1959) vrites that this (kmiiiaiias wn^ deposited in r iwr 
vallsgre tht^^ liunuitrlne Miflditions prc^ jabXjr prevailed at oertain t iaes 
in oertaitt plaees. He itfltes farther (p. 9n)s "Over mat of %h» Indian 
Peniiunlar area and dorii^ acwt of the Ck>nd«»iia ^rtt, ym wmj viaoalise a 
flgfstm of idde river imUmyn, typical of a hi^ily aatured drainage sya^ e^K* 
iapreiMed t^ pMi a flcK>r platie to an qndalatii^ aorfaoe by the i^stion during 
tim opeoii^ piuuM -> a wj^mm of i^reaaai honored and iiiterru{^>ed by extflsisive 
(10) 
If «ibi(^ beeaoB tranafcaraBd in periods of flood to t<Mf»r&r7 lai»s« 
la much laJoM aBcaaalntcd tbs fiimr and aor« p«rai8t«it sedjuaants soeh •» 
ilM flaer 8aodat(»EW« the abal* and ttio ooal WMUW, the last d«lved froa 
a farei^-elad ei^team^ arse." 
flMi viedljr aoc^ed olasslfiostlon of the CtondimRaa of Bengal* 
Mhar aM QriMft« asoonUjlg to the latest rwlaloR bj Fox ( M « Gee, 1992* 
1^ 20) la Mt foll9lM^• 
S^ppMur (kKiliMia 
Baaaltie lavae ) 
Plant beds ) ( RaJ—hel eerlwi 
( 
( Qii^ »nOptir beds Sitpra>PanelMts 
l ias 
lowKP GoaAmumm 
( t oBotmfwralty ) 
( Panchflt serlaa Lomv TrLas 
( 
( 
( 
( 
( 
( Talelilr swles UjipttS" Q&xta9l» 
ferems. 
(BanigaQj aaasoree . . . Uppw Pwidan 
(Ironstone Shalm ••• Iftddls PenaLan 
(Barakar maeujres . . . lamae Pend-an 
Wf % i^iff<m1 <fiyffilfl«f l«^  
fUm Batrtgin3 ooalfield i s situated aboid^  1 ^ alles ttorthneat of 
Caleutta wLtliin longitudes 8 6 ^ * and 97^20* and latitudes Z3^* aod 
23^51' • The total area of the ooslflelds divers nearly 6l9 acfuof alles* 
(n> 
TlM aaln pewtloii of Idw ooali>b*aring timM I s wsbr io t^ to ftbout 42(» 
•qgtuuw al les aad the traot BeMtfa of th« QiwiciT river oamiides aearljr 
99 scitarB allM». I^M ar«&, ti»st of tim Bu^kar rivar, covsrs nearSgf 
52 •qoam B U M and th« rwudnln^ 44 aqpsiar* idl«8 ocmatitot* Um ooalr* 
bmtfli^ tr&ot naeih of th« AdJcdL rlvwr. 
thm gwiar&l topogn^ihy of th« Go«Ifl«14 i s a ^Rttljr rol l i i^ ons. 
TiMi low»l;ri')g traets ^and idthin 220 - 250 feet abovs th« ssa IAVSX. 
A1(M« th« aottthera bavmd&ry of tbe co&lfisld, thrss ptoabmat h iUs 
v i s . , ths Panohst (2,ftO)» tbo Bihariu^h (l*4df *) md the Ckmaigi 
(9S)*) to«mr eoo^cmousljr* IKis oain drainags of ths northezti portion 
of titm ooiklfisld f low southnsnis into th« DuDdar rivsr. 
tim Sttdganj iK»alfi«2d tu» attraetsd ths attsnticm of aa^f vorkmn 
i a tim past. ^w n.r«i lo l s f mmmofy <tf ths gsology of ths eoalfisld 
luui bssii givsQ ^f BlaaftMRl {%Bbt, gp, t~22) end i t inBlud«» ths M M ^ of 
Bitp«rt Jonas, 1^29; R. £vsrs8t, l$3l; P. ftoyls, t ^ s J. lkm£rsj, tdU; 
sad MUliam, iat»5-47. Of thsss Morkars, ^dlliam for ths f i z ^ t ias ml* 
m aarifc—rtie w^Pfias of ths eoalfisld earing ths ysars 1345-46* Aeeording 
i o Blanford (l86t, pp. 8 ) , aost of ths AskmmiAn hf \fflniastti trars eorrset 
«BBi^ that ssvsral ia|)ort8nt gsolo^eal fsaturss MSTS Isft undstsnaLosd 
(p. 22). 
Otoing l85d-60 Blaofixrd and Milium aappsd ths RaaiganJ ooalfisM 
on f" to a o i l s seals. fh» dstails of Urn nmp MSTS vsry aemtrats. Blanfovd 
(12) 
(1061) iNTttparttd & xmpaet of the •urvagr i^iieh dmUt yAXh tim IXt^iogy of 
the vmrioas rook typos, flw aap foraod & vw^ satiafaotttf^ b&«ls to 
tkm gooIogioaX fflap «M|41sd tqr iltoalor (am Ooo* i9(32» p. 6} lator Ija }905> 
Stonior pliotted a^Uticmal inforastioa wipirtUt^ tho ooad ooaas in Ills amp. 
TtM eoalfiold w s rosurvi^ frod doriz^ E tho n^saro f9C^ - tfiO tigr 
MOlGKr (••• Goo, i932, p. 7 ) , nbo <l«B»reat«4 tho geologleal boundaries in 
m topa^SP^^ml aap o» & seal* of 4" to a al l* MHUO Simeon reviaod tho 
dA* ol>tainnd tra& eoXliory d«fv«lopm«Qt. latary in f9t3« Walicar SBTO a 
briof dosorlp^ioQ of tim smlogy of tho ooaXfloM roforring prlnoipaUlj i o 
%im eorralatlxm of eortain OMI wmmm* Siapiiin aod Ball (I922» pp. 43-49) 
gav« a briof gool^tgioel aeoount of tfao ooalfloM and dMKaribed a f)tw typlBal 
MWtions aorooa iha cobl 
Tha eoalfioM %mm again rwaunroTod b / Gm, Sotfau B«n Bao» 
A.E. Banur^aa and J 3 . Aadan and^ u* ttw a^pmrvisioo of POK during tha j«az« 
1925-28. Ilta work ma pobli^ MKi in ibo fona of a • i i i i r l^ Goa (1992) 
ytis> daalt idth the geolc^y, ean?«lati<m of the ooal aeans and eaoaaala 
raaottrcas of the coalUjiXd. 
fh aobflfcaotial c^ttnges ra^ardieK the geology of tim coalfield ymem 
p(»t«dbgrDQftt«t.8L0950) while loeating the reserves of the h i # voX&tile 
•oaX in the Maftem part of the (»alfieM. 
Mfa^ a (t956) did not s^^rt ai^ change in the general aeqaence, 
ttlMMdfieiition and the noaiaer of ooal eeaaa in the fawilganj coalfield 
<0) 
mcat^ a l i j ^ ctmagm in ih« eorr»Iailoii of mma fsoal MHUHS in the lUniganJ 
•MURirtts of the Taltor, 3«^{nuti« Toposl, K«lipahsri aad Sabpiddxiria arMS. 
JLtMvlag «^Ut« thmm moA aaim o^twr adLoor t9liang»s« thai gwMral gsmh^ff, 
nqfimncm of the strata anl the mtatmr of eoal aeajas ia this ootLUHoM., as 
iiiow b7 Gee (1932)* s t i l l hoM emmrate. 
Follotdng GM (1932, p. 2l)» the eoii|>lete simeessiwi of thB eosX-
field i s prewnted as toXXmmi" 
and Sal>.ReeeQk Allnvlal and latorltle deposits. 
Uf^ M^or Oondwduw . , , . . . . . . Sufrfr-PMiehets (of PamAwt Idll« ete . ) 
( ? DoKsapnr Iwds) 
( ? tBiomifozisLty) 
Psaehet series 
loner (kmd-Msnn OsmdM . . . (Iroratatts 
(Baryoar 
talfliilr anrles 
(JUurvi UDOwiforaitjr) 
\avBnMms/ 
A snaerlsed desoription of the various stages of the Gk»idt«(m 
sedlflMEits of the Smdgm^ coalfield* gXrm. by Gee (l992« p. 22) I s stom 
i n Ti^le Ho. f. 
(14) 
TIM QoodiMtaa i^rata owr a aajor porilcm of tim IttiitgiinJ «o«l»» 
fleM stowi a gwwral scw^Murctljr dip fttm low to KKivntt* &r%les - ^ 
to 2QP* fiMi Tal^ilrs ar« coEposed almig the rKuryMorn botuidsiry and tiM 
•ooeessive jrooager horlatms are eaoauntwned 8CRSthi«BJnie. Alwig the 
eoatheom txmndarjr of t ^ ooalAeMf to the Meet of the Barakar river, 
the Barakar aeaetix<ee <Hitorop for a <K>n8lderi^ le distance agalnet the 
aetaiaMrp^G* though ooeaai^ Maal mmH Talohlr autnrope are eeam at pLaeee. 
Further eaet the horisane raogli^ frcm vippersaost HaAlganJ oeasuree upto 
thm Qafarar-?im^a0t» are ejqpoaed adjisdnlng the ersrstalllne gMiesas. la 
the Neetmn portion of the MMlfieM and nmr t}» wmtliera botsidaxy 
fattJlt* the uppw Bandtttf aeaearee are throNn Into three ejfnelltial baelns. 
SvideiKW of eoinpMMdbaal forces oausing ellgfat owrthsmatlng of the baeal 
Bafttkara are tmma In the northeaetem part of the eoalfleld near Canmilla 
moA Xav^bad. 
In the oorthea«t«m part of the coalfield the Art^ tiaemt ooiastry, 
prior to the depo^tlcm of ti» Goaimm^ eefttwente^ foraed a io«eitnl 
irregular land surface vspm \tiSxih the Talohlre and the Barakare wHre 
dlreetly deposited. This natural surface of di^alticm Is well eacpoaotf 
iA a WKUtomr of pl&e<M aXcHig %im northern homtSjOfy of the <»alfleM. But 
to the soi^hiiieet and soitth, thm function bet%MNm the Gottdnmotm and the 
•staeorphloe i s undoubted!/ a faulted one. 
(15) 
A t aouttera bottodary fault bs« an immtuam dowthrow of at iMtt 
9,000 f««fe towirtls acerth in ttoe vicinity of Um Panc^ Mt h i l l aiKt i t s 
ctwitinii«tlon i s Itfns*^ hlddwi by alluviuu in Um tadUemm acMtbttast of 
th0 ooalfioM. 
The ooalfioM ! • tr^versod by smmpous oifoa»>faa2t9 $giA a £•« 
• i i lko f«ilt8 lihioh ti«v» oflBWod & emslder&blo ooaplaxlty of ttw srt^ ruoturo. 
fno pluMoa of Ijpilous astlvity naaoly, tbo aloa-iwdUlatito sad (k>larit« 
iabroaions aro roproatnfcwl In 
Tho Talx^lr sarios vsae&aSorm^ly ovarllea tha ArduMwoa. la tha 
na^am part of tir» ooalflaU Ute aaorlffltta thldcnaas of the Talohlr aadliwwita 
la 900 to 950 featt. EaatwuRia, near Qabar, their thldawsa dladnlahaa 
to J20 feet and further east, aa toe Baraicap-Ardiaean boundary la an va>-
faulted line of natural d^poaltlon near Kantijahsrl^ I t la oonclurted thi^ 
%im TaliMrs have completely died out in theee eaatwni areae. 
I t e taliriilr aMHTlea la (KKiforaably overlain bf the Serakar a»a«a>»a. 
In UMI neetem part of the coalfield, Urn Sarakar aaasures attain a thlofe-
nesa of 2«t00 faet but e&stwarda, near Clmvttlla, they thin out to 1,500 
feet «id tlila dlaimitioo in thicekBess ^jpeani to oooblnue tvarlhsr «Mfe» 
1%e paeeace of the Bamkar aeaeuree iiAo t te ^rsnetone Snalee la 
a gE i^^ t&l <m». Blmfodrd (fd6>l, p. 42), howevar, tliought the ^motion to 
be an uaeeaforaMtele ooa. POK (t9SUhi} obeerved a naU-aajritod currcmt 
beddii^ in ft wmMtm eandetene above the (Ssaneh seae. fhla adght have 
(t6) 
lad Blsofard to aofliMii ma imeoiifaralty. Fos (1930, p. 29) sUtM that 
tlM IrcHuitatw SiialMi are an p^«Mrd «tecessi(XQ of th« fUundcars but barrao 
of eoal mum* 7bm tooniliwii Siia3«« ui nail lAow ft <tlwti«t>1<» in bhlok»» 
awss towartls the cast. In the tMst«m psrt of the «oslileM the thi<tk-
aese of Uw Ijetmatcme S^ hi&les ia about 1«20O fa«t. Ea«t of the Banlcar 
river, Uieir thieknew i s redtvsed to 600 - 7 ^ feat and furt^r east, in 
the Qmruliar-IHilBaka areaa, t h ^ appmr to be lees than 400 feet in thick-
ness. Gee ( t ^ 2 , p. 112} eaggeets that the Xranst<»ie iihales alaoat 
entirely die out in the Raanagat^ KKrira traet, Aurther east. 
The Iroostoaa iStelm IMMHI less gradhiaXl/ iiAo the EaniganJ 
bat thMne i s no reunn to suggest an on^Kifonait;, at least in so far as 
%im «estem m%i aiddle portions of the coalfield are ooncern^. In the 
ejKtrwM eaetewa ptft of tb» eoaXfl^ld oonslder^Xe lateral i^&n@ss have 
ttjma pliMM Kithin these Jonotio^ beds. The basal Mndatooes of the 
Bmd&nS —asores have Uiinaed out &nd the inoljtided loMerao^ coal seaas 
rspressnbed in the «est«m and adbdiXa p«rt of tim ooalfield, have died 
oot. fift g/mmnXp in the ease of tim Banigan} oMMnres, omsiderable 
rndtixnAtj pcwrails thoiig^ instaaacwsi of maiaki lateral vari«tioas ars not 
oaoaonon. IJX the western part of the coalfield they libtsin a t(^al thielft-
ness of tSomi^ 3»400 feet and east of hmeaaoX, in the Sekpforwiianigsiv) arM, 
their thiekiMss s l i g ^ l y diminishes to 3»200 tmlt. Further east, near 
Toposi and Gtadal, their thickness i s eoi^Ldersbly redaeed to 2,450 feet. 
fim llmtgwnj wmmaemm are overlaid hj the Pai^bet Mri4M, 
(17) 
Mc$»<aiitg to Blmifwni (I86l» p. t27)» t^«r« i s a a l i | ^ unoonforadLty 
betMNui thd.a a«rles aixi the lodmrljrii^ Eaai|£aaj imMttrM. Pot (t9S31l»,p.365) 
«tat«» that th«rtt i s s s U ^ t but looal unoonfondty. fbrn tmo^mforalty 
OMUX9 iarisdlstoljr itboni ths fosaiX^noodl randstonew of the Kiusarpur 
nJJLiMy oattins. O^ie thit^cnsss of tim PmaetaA series i s {urdbebljr as 
muik as 2yO0o2lMt. 
Hsgardii^ t}M Jua^^^i of the Upper Pandttets and the owrljing 
Su^Mi^Panehsts, i t i s ral^isr diffiimlt to arAym at asgr daHidts eosieliisioii 
owiag to the la«k of good exposarss. Blaoford (I86l« p. t3f) suggests 
that the ^^oitetion i s mioonforisablo. Qes i%9yt, p. 6l) MtiHntss the thieie-
Qsss of the Siq3r»-P«Mdwts to be at Isaat 1,000 feet or possibly 1»200 
I^thffloCT: 
Begpond the IdUdts of the G(NKli»nas of the HMKl^ ynj «oaifieId» 
a (Bompimi of exTstalline aMtaaorphio and intrusive rooks i s well exposed. 
tim Arohaeans ooapxlee a group of roci» oxmaifltiog of a het«rog«Kms 
aixture of (UUTfsrwit tj^pas of ^nffiitie ffseiswss. Buided a ^ foliated 
^rwLsses and granitoid rcxdts of aei4 and basis types are sost coaaxm, 
nMMe are ti^versed bgr bands of aa|ihibolite« poipoatite BJOA qpaxt,B Y^UW 
and oeeasioiially t^ (fitertsites. 
(la) 
9m Xmmnomt hixAaon oi Um f alohlr sartoa i s a botUdor h^d 
by tii&l0B aod aaaihiUMM** 'RMI boaMar bed i s ooapoasd of « i 
ttUKyrted adjctur* of b<mijei«rs, pri^lvs and clay. Ths bou2d«*s often S1UM« 
iftMis, sorttUdMS and ^roovu of glaelaX tttlgla, Tt» sh&les arm tisM, 
oliv* gr<Ma uxl 9plixAm!ji sanmaeaaus, aieaesous ani ealssraoos in luitmi 
aot ^noda upiArds ixAo aandstonas of tim Mmt oolour. Hwalvo, aadiM»> 
UadxumA, ^lap&tble nxKUA^mam, bromh-snma in oolour, cnmrXXm th»a» 
i^alaa and are followd upwrda hf a aarias of altarnating nwdtO^am and 
baddad ahalaa of dull oliva-gTaan colour. Brown, yaXIow and ^emy, f»tt, 
fialapal^tiie amdatonaa eooprlaa th» ^iparaoab hxsrttmm of tha aeriaa. 
BandOkP MjMaoraa 
On iha utiolm, tha Barakar atawtre aadiamdia era aora ooaraar 
than thoaa of the Tal^ira, UuHigjh n.nar t^paa ara aXao mft idth. Tha 
aandatoma are usaallj aora fal8paU^.o »nd white or gray In colaar end 
naathia' ii^o a l i ^ t yallow. Thay oftwa aathibit eurrmA beddings and 
inoliida saver&l horiscms in whiah rounded pel^las of qoartaitaa are 
prevalent to a greater or lasaar decree. MLoaoeoua i^iaiy aandst(»ea 
and aaody siutlmm are aaao<Aated with tlwaa eoaraer beds together with 
beds of fine iprey i^talaa t&i. tua^i&atuoma/am wHuJum varTli:^ oomii&tiesaBil^ 
in thiekneaa. G M I aMas of varioua i|itality and thiekneas are interealated 
(t9) 
idtMA tiKi Baanktop sadlmdts. Tb« indivichial cool scsm vary ia tliiob* 
ness upbo s s Moch its iCX) fe«t. la the loMir horiiioas good tiuallty tir*' 
eXay bands ar« also iBdudad vhlls bands of IrcMnstone, dark red to dark 
broun in eoloor^ are ecmfiaed aaijily in thm upptof part of the s«ei.es. 
Tb(Hi^  MTiain aones rsMdn fairljr oomtaoty a l l these roek t^pes 
show la^nral YsrlaU-ons, jMrtieularlj' the coal seawe i^ tow eonsidsrable 
variations in quality and thiokassa. tba Baraksr MHURtrss ars best re-
preawoted and are of great eocuKMie va3»e in the muAMm pert of the 
ooalfield. Sftst of Bahini, Uw Majority of the <»al sea;i» detericHra^ 
in <|as3ity and diidniafti in thiokmsa. Jn the extrsae nortlMMurt^ em areas» 
north of the Adjai river^ «Uy tnm coal MMM of eoonoadA inpcnrtanoe has 
been proved. In these mutterti traots> bands of irtmstotw ars aore 
anearoas nitidn thm i^isr Barakar bads. 
tim infomatioa availabXe tJf<m a nulMir of 1KH« hoJljee ato%n that 
the Xroii8t<»ie Shales hmm % tmutkebl^ unifors liUiology. they eon8$.st 
of fine dax^ grsy and bla<^ eazl»»iaceoi» i^ialee with inlberealations of 
sttidy lAialss in the lower pert and nttneroos bande ai argillMteowi ironHn«« 
nw clay irtma^onee oft«i occur as Xentioles ani vary in oospositi<m. 
latersUy. Sopmrfieially these ironstonss bands havs bewn oxidissd but 
at a di^h of i^bcnjL 10 feet tr<m the mxetaem, the iron si^pears in the fbna 
( » ) 
of wbotoAm. 
A M^ml 8«ritta of amilgtackea, idttl*« snl ec^I a^aas ov«rli«« 
th« IroMtonB :^ul»a and coiuitit>ui«s ttw Ranlgaaj auMorMi. fh« 9cnd«^ onMi 
«r« SMuaUjr of a fins Uakxar^ than thoa^ of tba LoMur Oaaodaa. Coarw, 
liiitoy Aili^Mthie ffPit* and ^ingljiirataa are gmarallj not wwooiAarvd. 
UMI sandstones a n ncMraall;^  avao-twcbun^;, nadiua genixuti and of ex*T» 
ymUmtUii gray asd grawd^i oolour. Soaa of tha loiiar types looliada 
aaall grains of jAok feXiqiar. W e^aoeone atialjr Mndstonas and sandy 
absljBs era prosdnmit and bands of s idedte of a tijm texture are also 
ineliaded tdthin these eandi^oase. Okurk grey shalas* with occaelaaal 
iroost«ie birnds^  are also infcerealated in tfae RaiiigaQJ aaasuras but in » 
lesser ^puntity than in the Barak^rs. The eoal seam, ebofdx^ individbiaX 
ihieknssa of ov«r 1^ feet cur «ore« vary oonslderebly in quality and thiolt-
nmutf but aaeh nare gredteaUy tiua% the eoal ssttoas of the Damkar anunrmu 
Good (|iiality fireolay mvaa hsve not be«n proved in the Rosigaf^ asastums. 
PttudMft Sexiee 
Tte beds of the LoMsr Panehst incXude thick, khaki^grewn, siXty 
idiales «oA gre«iiid»-broMn asdi^fmes. At inbenrals, IwrA eaXc»kr«K>uB hKDdm 
(21) 
numi'«t» soft , f«lm»Kthle ani falMHbwidnd aandii^ iMis ar« ln£«i'badd«d 
Kith tfass* arglllftiMKitMi aadlmots. Ttey ore usualljr d»void of %im hari 
^Ulwltie bftiids* typioal of tlw B«aiftBij ammmofB, th» wHidst<mm of 
tfcM Uppmr ^iiehet beds ars «3«^?«ar»tlv«ljf soft«r and axMr* aloMWOus. nugr 
•M tunaULf yHow or efj in oolour, aidlt;^ r>t«actur«d« M^^ Jiy fvlapetMOf 
•Mslvsljf dftvolopad and oft«n enrrtuit bodd«d. Briok rad to alK>ooX&t#> 
xwt elajB ar« intarealatad in UM Ujppar i^ aaeiMt strata and I m ^ l a r 
parpH^ g n ^ Ujaastooa nodi&Xas are aomtrtii—a inoludad in the rod olajra. 
Sape^-'PaaeimtB and OargaiNir beda 
ThB SaiMr»»]hB^ batr beda rest vipaa tbe Upper Panclwt atrata and 
oonatitute a wurles of ooarae peU>ly aaiKlBtonea %dth subordinate dazic 
n d «la|«. These beds include yellow grey to red, ferrugincms, fele-
pa^ie eaWJetoneiy una l ly soft teitared. Banda of l i i i te , aediuat-
taaettired and felqpnathic aaodatcmea and of red and Inroiaiiah elay are 
asaoeiafted %dUi theae iit>rat£. 
In the area zK>rth of Dursa|ttr« a aeries of aoft, eoar8»-t<ncturad, 
felspathic aandatonaa, yallo%d»h g n ^ to rtki in ooloxo* and ineliading 
ffsalX rounded c^oartsite pafablsa^ are exixjaed. It haa be«a sugge^.ed 
Iqr Setiaa Baim Bao (eee Gee 1932, p. 67) that the iXu^apur beda are e<|ui-> 
V83«nt to the !^nefaets but Gee (t932> p. 68)saffie8t8 a poet Panehet age 
(32) 
on tJm ba«L8 of Uw data sarKHeblm trom the Ourgapor bore holm, BlanfoH 
(td^ty p. 138) eonsldflaied thwi to te of a wry roomt. <lalt«. i'bx ( S M Paaea«,f929) 
|!|>. 145-46} aooopts a post PamstMt age for thaa* badta. 
laUurite and AlliaTim 
2n the aaataam and aortfimatatn p(»tl(m of tt» ooalfiaM idile 
lat«rit ie trsets «ni Hwa ovarljrlqg tha HaniganJ laaaaoraa and ttw 
Duri^iar bads. A «iiar»»to>latlQ faaltitra of thaaa lataritoa i s tha 
praatnw of mmmtana qiisarts veins of primal^ origin. The porw tfjgma 
of latarita ommr in the Meateni mrmmt but fturtbar eaedb tha qpiantity 
of sttda detrit&l <|Barts iaermumm and tha tara cjoertaoaa laterita haa 
bean adoi]*>ed by Gee (l?32t p. 7t)* In oert^in tracts In tha eaMwm 
part of tha (»»alfleld Uiaae qfoarteosa Xaterltea paas into laUolt io oon-
flsaaratesy and tdaerever tha lateritea are tw^Hy oonsolidatad th j^r wgr 
be teraad as iateritio gc^vala. Foasilp-MCMod of dieotyladcmcMUi t^ rpe ia 
found asoooiatad within timao 2at«ritea« 
la the eastern and acmthaaart^ m part of the (M»fllflald idde triMta 
etf vivM* alXa:vitia« equivalMat to the OM^atic allmriaay tn»i«l«sa asroaa 
the l«t«i>te8 aad Dusngi^ ur rooiui* la additl£Hi« loaal deposita of gravel 
« d ealeanKMs Beterial are found near tha aBiii rivnrs of the coslfleXd. 
Eeo«Rt river aUwrina ia aeen in the iwaedi&te viciiriLty of the pTMMMt 
rlTsrs Mid atraaoHi* 
( » ) 
la a l l ttere arm t? wain ooal Mam In UM Eanl^anj eoalfield, 
oat of i^<^ 7 bvlmis to ttaa Bankar •eaaures and the rast are iaeladad 
in U» Kanig^ iBaa«»rea. Otdng to tto maeh fsoltad natore of thaa* 
ooal aMMMvaa and paoolty of JUUml wepomvs, tha (wrraXatltxa of tlMiaa 
coal mum haa IcKig hmmt a probij^. Aee^ xRtir^  to Gaa (19^) th« eoal 
in thia {»alfi«M ara «iuia»rat«i in t te fOXIOWSJ^ dyaacandii^  ordar^ 
X. Mirakliun-Bharat caiato-Hariwiiti - 4 foot aaa» wsatJa (^ 
aatpuklnria* 
IX. Ocqial|3Up>Uppar imadlcft-SatpoldBtna aaaia. 
T i n . Bora Cliak-casiai^c-Siaraol - Upper Kajora anuu J&irtiadaiHta 
( Local) 
T n . Lower Obadtka -^  trngnk - Haniconj >- Loner Ka^ ora - JmbeA - Bowlah Seam, 
MinrBiiilatri-Sotta Oiora 
YX. flaiilia « Srlpttr - Siqgaran aaas. 
' ^ ' ^ ^ ^ ^ •' T(^ x>ai - Keoda - Chora - PuraiEaiottaa|iar aaaa. 
XV, M.ab«ns<Btrti - (^onid&mgm, - Mbema - ^mlA 
XXI. Hatinal - Ibiithae aaaa. 
XX. Sanotoria - F^miati a««B, 
X. &a«;^ia - Taltor 
(at) 
momsam smi^Q (1,200 tm»,) 
f i x . f ^ FalblGft • C%t«aoh •> &«^iiila 
YI. ShMptr *3< & •4* - KhaztMTi 
V. Simt^xp *5* & *6< ~ duAftbar > PatalJbarl - LaUotih > Lalbazar •> 
Babira 1 to 3 
If . jfamgwati - CSopinaUipur -> Bahira *5* - Salanpir *C* ~ Gcmra^sii 
GfaBrulia ~ Kaata saaiau 
HZ. \ifper Biralne^qMr -> Bind^taoptr aMw. 
XZ. XAHMT Blrsdx^pur - lallaaU. - Daaatsorla " Bmlaapar *A« • 
Pi^arpur 
L. Poaai ' Hartittdih - Fainnwll 
MB)GfewrJ«a (1942} <lc«s not i^rse vlth Gee r«^;aniing the 0tratlgr»> 
phleal poslticm of the coal aeeia fA Salla ooUiezy* ^abofiA 4 ailea ^ of 
AMBOOI, Mhioh acmxrding to the fora«r i s the JSirfiadanga aMot and Haga 
MNM MioordUng to the latter. SM» (t%4) haa aAteaffted a oMnrelatloa 
of the Qbusidtt Kodhatiaaga aai 8 « ^ aeaM on tto eaatem aide o£ the 
BoiM.8lxtqpuz«-M(4i8ila caroaa fault tdth the Upsper Obadks, iJatpukharia ani 
loner DhadiEa eeaaa aet cm i t« otiwr aide ainA the foUoidiig oinrrelatloo la 
jprovision&Ujr enigMted by hia:~ 
dmalok o ftat.pttkhttria 
Kiudiadanga •> Xovar DtiMttca 
(25) 
Qbosh SBA Sma (f%d)y ooiisid«cliig Vtm data providad b^ th« tXatsX 
IS, o(»)elxid« th&t th* liaga MHUI i« sharply dlffarm^stwl fypa 
tha z^ est of tlia aM«a a«wrin«d in thtf vtslnit^ of tba abotm iiantf<wia4 
ttn»8»-faalfc. fim Immt QiiadUca toA %im GoidMdaQ^ aaaaa ai^ear IjdaRtleaX 
In ftU raapa«t«* Thay luraa alaa aktomi thai tha d&islok and t&tpakturiA 
wmma tmtmtlXm •ax^ athar in gaaareX fXcaraX aaaaablagm and wmf hm •»» 
rralntad i^ovlaiMtally. 
Baoaatljr IW^a (f956) haa r»«laad tha o»nr«Xatlan ai msm ooal 
aM0W of tha ItanlfaBJ mmunv» in wi axva aiu^ of Aaanaol. Ha haa 
aoaaiiiat aodifiad the pravious otxrralaticm by Gaa (f^2)« but tha ooiMHr 
and tha auooassion of tha aaln ooal mvm iwaaiMi tha mm, Aoeovding 
to tha raviaad eozvalaiioa tha v»rioaa aaaMa ara anrai^ad in tha foilowljag 
dmoaoiihg canlart-
Bkmmasimsmm 
Xm {ttraJdnm - Saraasuda MNUK. 
UC. Qopalinr - \ifpm DhadHa » Satpokharia • O I I M I ^ • SiaraoX -
lifpmr Xajox^ 
VXIZ. Bora Chak «> Mnia • JmmcX - Bani^ anJ • lowar Sajora > Jaribad 
Boid^ - Bantola 
fZZ. lamt ttutdka •» Nurali^uri •> Baaara <- SonadK»% - BwdtwhaX 
VX. Sripor " Tepoal * Saeda " Qhs^k - FuonuAiottaflfu^ 
im 
f. B«r» OlMHa 
19. IXUibaxitfb - OttamX Cldel]url» 7 
I I . £Maioi(»lA •> Ponlatl MNM. 
BMtMC&B NUUifSIES 
YZI. Cbaaflii <- B«pyal« - SShampop I 0*«n. 
3 (Iwal) 
f, Lalkdib - ^M^MT 5 (6 6) - BiMm (1) 6 3 
19. QofinttU^par - Bahlra 5 * S«lAii|Kur C -> Qfittrad^ diih - Kast« 
m . Binaahan|»tr - SalBiq»r fi (?) 
llRfcailil} (looftl) 
I . Ptt«|i 
Th« fonsoing nnriMd ooivtlAtJUm of tii« mmm htm ^MR adoptad 
l a Um pf«MNri% iiwwvtdfitftloB. 
tm 
ParUeuIisar* rt««»lii« tho thleioMM of ths ooaX mBmm afe th» vuriotu 
09lli«n«s liMrvfrom th« mafi»» wm •»Xl«et«d in ttoanMtioR with ite 
prvwKidb lii9«Mitlsati(m bairo botn shorn in Ti^l* il>, 2« 
Tb» BMMKIM of th« Saalgan;) mmXtXnhi WKW cl«poalt«d in tr9A 
wHbw M tteww i s no «vid«iHMi of snsr ttidLetaneo of matm or oituaritMi 
WMxtiiioQs. sodding Urn origin of Urn ScndLcwJ OM1S» ^ O ovldMncos 
«r» afc»>i«l7 in favawr of tht "drift" X^mxpf, Htm basal uniorelcgrB vpcm 
i«ki«i} tbo v«g«|.«,iioii fltmrialMdi ar« alMMrat in tbo oa^orltjr of %im easos* 
ihoag^ firwlays taem wmm ooeaaioaaUy uadbrXying tho ooal aoeaa. So 
roots havs bmm r«<»rd«(i in tbo floor of any oool ssaa nsithor uprigM^ 
tnodcs car SMMS in ttis ooal ssawi havs bs«n foiiai. ftixtii»r, tbs aab 
psrootstago in thsss ooals is far hi^isr %hm% gsmt^Uy fooni in ths ooftl 
fflansd '*ia sitii" •laSMtMrs. 
A i^logieal ai|» of %ixm HuaiganJ ooalfiflld^ on a soals of 1" » 3 
wSJLttB, i s givwei in fig. l . 
CHAFTBR- II 
DIRECTION OF CLEAT IH fm RANIOAIIJ COMS 
At it Is oiLtar froa ths forvgolng chapter that »adi voric hat 
b««n done ragarding th» gaolc^ty, coml&tton of the ooal mesm and 
•oonoioio iHisouroas of the lianlganj oo&Iflttld, thor«faro« it was luv-
iwoasaary to taka up ao^ fort^ar datailAd investigation on tiioss 
Unas at this stags.Since praotioally nothing was known earlier dboot 
the direction of oXeat in these ooala, the author revisited the area 
In the winter season of 1957-58 in order to ooUeat osoessary field 
data on oXsat. The osasuretaonts ware nade at 24 looalitiea, \6 in 
the RaniganJ msasurss and 8 in the Barakar laeasures, within an east-
wsst stretch of 32 miles froa Xaohlpar oolliery in the east to the 
North Laikdih oolllery in the west. 
Qbe of the nost laportant ptqrsloal features of the eoal seaas 
is their Jointing. An wcaadnation of anjr lua^ of ooal generally shows 
three sets of faeas, nearly at right angles to ons other, which divide 
the cK>al into cubical or rectangular blocks. The term "cleat" is 
lUKwU/ i^ iiplied to Uim aore sharply defined Joints. 
(29) 
Maamt (a« cjaotvd In Raistriok & Harehall, 1939* p. 43) KAS 
%\M fir ft to publish a not* on t^e olaat in ooal in 1634* this 
author obMrrad: **Th« eKtraordinary unlfori^ty in the dirvotion of 
tha alynao (olaat) aaana to hava baan dataralnad by tha 
operation of aoaa law not yet undarsbood". In %8%, ndllipa (aa 
quotad in Raiatriok & l&krshall, 1939« p. 43) notad that tha olaat 
**yuna aost ganaralljr to tha north waat" in NorUniBibarland ard Dorhaa. 
Tha aaoa dlreotlon pravaila in Xorkahira, Derbyahirw and Lancashire. 
OpinlcMM differ ragarding tha origin of olaat in ooala. 
Jukiea (td62) balievad daat to ba a true **Joint** struotuM. Geikle 
(1903) daaorlbad olaat aa a '*%iell>developad ayatam of joints" produced 
by tha drying and consolidation of a<|U0tt8 sadiaanta. In 1908 Kaiaer 
(sea Sttttaar & Nba^ 1940, p. 257) deaoribad tha olaat In tha Loner 
Rhmiah hrown ooal district. He oonoludad that nuoaroua olaat jointa 
running parallel to tha fault ^lieh outs tlv*ough the brovn coal t>f the 
foothills M r e produoad by taottmlo processes. Kendall (1914) 
obaenred '*the abaoluta indapendwioe of the cleat in coal seaos'* and 
•jqilainBd (p. 52) tha oauaa of olaat In ooals due to the forces 
operating in diffarant direoticms and at diffsrant tiass. 
i£endaU (aae Raiatriok & Marshall, 1939, pp. 43-44) addressed 
eirculsr letters to tvwy oolliary oanager in the British Xalas ancl 
abroad to others in all tha coal producing oountrlea ot tha Morld. 
430) 
An analyvls of the rttpllns ^oved the general preponderanoe of eleat 
direoticH) (nortb-iiest to south-east) in the northora he^ephere. 
In 1915 Hoffer (aee Stutaer k Hm, 1940, p* 258) deeoribed 
the eXa&t of the 0«trava~Kanrln bltuainouB ooal dietrlot and oon-
olivled that the developmnt of oleat la not a teetonio pheiu>za«K» 
but the olei^ joints are Mntraetion fissures. 
Kendall & Mroot (t92^)« oonsidering the regularity in oleat 
observed t "IM.le i t i s not strlotly truw that the direoti<m i s imrarift> 
bls vef9r the niiole wrld there i s a direction so generally prevalwit 
in s;d.te of a l l looal deviations that sooe coancm oause oust olearlj 
be invoked.** 
Oron (1925)« Mad* inveetigaticms to establish relationship 
betiteen oleat and teotonlo struotures in the Soottish ooalfleld. 
His (^senration revealed that the direotiora of cleat were founl at 
varyiiig angles with the strike of the ooal seaoa. This ttflter does 
not agree «dth the views of Kendall & Mroot and states (p. 1t7)t '^im 
evidenoe, so far as SMtland ia conoemed, MOIBB to point to the oonelosion 
that the c^at joints have been indeed on the strata at an early stage 
in the history of their formation, probably at a tiais liien the rooks 
wsre dryinit out." 
Ball (1936) described the otneral f i l led oraeks in the eoal 
(31) 
{Mo. 6 b«d, Wtst Frankfort, Illinois) and suggosted that oleat 
wpmavnto tho iwault of the l&t« Palaoozcdo dynanlo aowoMints 
vhils the Bdnor fractures were forned by previous and less extensive 
flDveasnts. 
Kttistriek k Marshall (t939# p* kk) state that one constItuent 
of all (X>&1 ashes is the Inorgaaie siatter (fUas of oaloite or ankerlte) 
deposited In the cleat planes and observei "In ths case of a coal 
like anthracite, free from oleat, this fraction of the ash Mill be 
•issing. As this sparry oaterial has been introduced into the joinb~ 
ing after the fonaaticm of oleat, by percolation from the overlying 
MMNires, Ml oay have hers an eaq;>lanation of the better <|uality often 
seen in a seam when under a roof of uidsroken BXA inpervioiis shale, as 
QCMq;>ared idth the mum seaa under a sandstons roof." 
Regarding the origin of cleat Stutaer & lioe (1940, p. 253) 
have stated: "Ijaarauoh as 0. Stutaer omsiders that oleat consists 
of parallel rupture piaxnao produMd by pressure, he does not concur in 
the e3q>lanation offered by HSffer.** 
Although the texw cleat has been Bsntioned by Stonier (l9Qi(^05) 
In connsotion with the developoent of nines i<hile describing certain 
eoal seams of RsniganJ and Jharia coalfields, he does not say anything 
regarding its orli^n. Fox (i93)*« i:^ . dgkd?) has oondLdered the iia^  
portanoe of cleat in the ad^dng of (K>al. 
DMC/f/fAf S//OM//AfC ST^/HE AND ^/9D£ OF 
CLCAT /Af rN£ CO/91. Se/^AfS OF THS 
/ojtio 
f.2dj<. 
FiO. 3, 
Me/9SC//?£ S£/?/^S H/ZT^f/V 7^/£ /f/T£/?/^£D^^r£' C/^C££. 7//£ A/(/A7Be/fS 
CO/?P£SPa//D TO r^ffJ£ SHOM^A/ /A/ TH£ A 7 / 7 / » . f£/6, 2) 
(32) 
ca<ftt In %h» Baratear Mm«ur« Jonlsi 
ThA eXaat direction in the Barakar maaura oaals was aaasttred 
in 4 MasB at 8 Xooalitiea. tha cleat direction VBTIBB froa H XP S 
to N 7 ? ^ . The oXeat traveraas the coal aaaiaa at anglea varying froa 
37 to 75 degreaa to t^ir strike direotions* The direetlons of oXaat 
in different collieries in the HaMisanj eoalfield are aho«Bi in Fig. 2 
and their variation ia reproaented in Fig. 3« 
At North Laikdih collies^ the Shanpor Hoa. 5 ^ 6 aeama show 
a ooaaon direoti<m of oleatf H 9D^ E. At Kai>a9arfit ooUiery, the 
Xjilioati and the Metadih seaoa have a H 4GP S cleat direction. Althoui^ 
the cleat direction variea over a wide area* it ia clear from the above 
t w exMBplee that in a partioular locality it rwaaina constant. 
At Xhae Nirsa oolliery the Shaogxir No. 5 eeam has a cOmaX 
direotion of M 7?^ E and half a idle m froa here, at the 3.S. Badjna 
oollierjr, the aopinat)^;mr eeam ahowe a H 72^ £ cleat direction, vis., 
a deviation of 5 degreea only. This further supports the above 
inference that tdthin a ttaall area the cleat aaintains its direotion. 
The cleat direotion Mas neasured at l6 localities in 8 ooal 
seaaa. The general direction of the cleat is N 20^ £ to N 32^ S, 
though at a few places it ranges from H 40^ & to even H SCP S« 
(33) 
At ShMtaliur <»Ul9ry, Fit Nos. 3» 4 & 5« the Hatinal, 
QLi^ergarh and the Sanatoria mama show a. oleat direction of H yf* E,, 
n yp E and N 32? E reepeotively. In the eastern part of the ooal~ 
fieM« the Upper Kajora and the LoMr Kajora eeaas show ole&t direoti<m» 
of N 30^ S and N 26® £ reepeotively at the Luohipur ooUier^r. Tbeet 
exsn^jles f^o^her support the infenmoe draMn earlier that within a 
particular locality the cleat maintains its directi<m fairly well. 
The Dishergarh seam at Sodepur, Sheetalpur and tfein Vkmvso 
CoUierles shows H 3G^ S deat over a distance of 5 sLles. 
Apart trtm the above lAiservations, it has been notiowl in two 
instances that the cleat direction deviates even at a particular 
locality. At Oirinint colliery the Ransf Kolthee and the Poniati 
scans have N 40** E;» N 25® £ and N 80^ S direction of cleat respectively. 
At Main HlMtBo <x>lliery the Ra^ l^sunathbati and the I^shsrgarh seaaus show 
H 20** £ axA N ytP S cleat direction respectively. 
Apart ttQiA the aajor ol«at planes, nlnor cleats in the individual 
bands of coal were also observed. These BdLnor cleats are more i»rondLnent 
in the vitrsiny coals and far less developed or nearly wanting in coals 
rich in durain. Mineral natter has invariably Ijtfiltered into these 
planes. 
In conclusion it oay be said that the general direction of cleat 
in the ItaniganJ coal seaae is SB to SW« As the cleat planes traverse 
(%) 
the ooal Mans at valuing angles and also -vary in dlrvotlcm tiMiaMlv«s» 
i t i s not possible to say that they are assooiatad with ths tsotonio 
•Dveasnts. Horoover, the ooninUrMUBent of the oJLeat Joints to the coal 
mtam oxQ^, idthoat pMudng into the tindsrljdng or ovwrlTing sandstomt 
or shaleSf suggests that tte teotonio EoovemsntSf «hich caused such 
joints to develt^ in the ooal muam, oouM have to sooie extent« 
produced joints in ths MOdi^ OTes and the ^a le s associated idth the 
ooal eeams as M i l . It is* therefore, wiggested that the cleat night 
have i t s origin due to the t^brlnking of the <x>al seaos in the last 
stages of their ccmsolidation (see Ouiju and Pant, 1962b)* Heat and 
presflore (due to ovsrlgring aedicaents) adght haw aided,to a grsat 
eactent, the foztnation of the clsat Joints. The nature of the cleat 
planes cutting across the ooal seams indicates tiriirinkage a« i s eaqpeeted 
fjrom a linear body, like a coal seaa, in 'Which linear cracks i^^ar 
asross i t on dx^ing* This view also gets further support from the fact 
that the vegetable oatter shrinks sore extensively than the sediiaents 
of inorganic origin* 
CHAPTER - in 
CHSiaCAL CHA»AOT£aiSTICS OF THg RAIODAMJ 
COAIS 
AnalyMs of the RanlganJ OOSLIS lmv« bean earried out 1^ « 
large mudMr of investigators. Blanford ( i860 8i>pear8 to be the 
f irst to dflftendne the percentages of voXatiles, ash, eoa^ositioa 
of the ash and fixed eastKm in t? ooal sa i^es . He found the 
RaniganJ eo&ls non>ooking in #iaraoter. 
The prosdUaate and ultinate axwlywmn of 3l ooal eaflples were 
aade by Tween (ld77) udDo detendned the sp. gr. of sons aaysQiles but 
their ealorifie valuea were left undeterodned. Detailed analyses 
tiere performed bj Ounstan in the year \&9B, (see Gee I$32, p. 269), 
tixa included the aoisture content idth the volatilee. Later, in 
another publication Ounstan (t902) gave wparate values for aoisture 
and data regarding ealorifie value, volatile natter, fixed oax^n, 
eaking jaroperties, colour of the ash and sulfdiur. 
Proxiaate analyses of 47 saaples from the Raniganj and 
(36) 
Bar&kar RKmsuz^ s wre made by Saie* (1904). This author point,«d 
out the renarkabljr hlghar oonttnte of aalstiirs and vol&tiI« aatt«r 
in th« Rani^anj iwasur* coeds. Prcodaiats and ultimate analjws 
and ealorifie valuas of SOMB KaniganJ osasure oo&ls were detenolned 
by Gwudnghaw Ifaighes (I9f0). 
fietailed prcfldoate analyses of the Rani^ anJ coals and tiMir 
ealorifie values were deterjsdned by Qee (1932), pp. 272-77). Addi-
tional infox^aation i s available through his later work U9k\) in 
^ 1 ^ the ultimate analyses* washibility tes t , float and sink test 
and eokii^ properties have be«ii dealt. Further details of proximate 
and ultimate analyses and their relation idth caking indices, together 
with the relation of h i ^ temperature distil lation with caking indices 
are given by this autlK>r (1%5) • 
During his investigation of some Lower Gondwana (Kials, Fermor 
(1936, pp. 356-57) fcnind the Dishergarh and Poniati seams (RaniganJ 
measures) very suitable for the maiufacture of low>»teB^rature coke. 
He also noticed that a l l coals with over 3^ moisture were either nonp* 
coking or weakly coking. 
Boy (1946'^)i^8erved the EanigenJ coals to have a greater 
moisttire-i^soztring power than the Jharia coals. lie explained the 
better coking property of the Jhairia coals due to their richness in 
oil-bitumen contents. Coals having high swelling power exert great 
(37) 
prassurs in the ooke ov«n. This sathor found tho coal aamplaa ftoa 
both th« KanigsnJ and Barakar iwasures to be hanalass in thia raspaot. 
Fonrvatar and Majuadar (1%7) parfonaad M&ahibility tasts 
of ooal aaiqjtes froia the Kajora Top, SaaXa* camsiek and Bharat Chak 
aaaaa. The results shoved that no special advantage eould be gained 
by wai^iii^ these ooals. 
Proxiaate and ultiaate analyses, o«Mng index, physioal test 
of eoke, sulptmr and phosphorus contents, fusion raqge or ash, soft«i» 
ing points and oalorifie values of the Eaniganj eoals are published 
by the Fuel Hesearoh Institute of India in Report No. 2 (1948) and in 
Beport Ho. 3 (1952). Further details ot the chesdoal investigation 
of some is^xtrtant eoal seaas of the Ranigan^ «>alfisld are given in 
the Fuel Research Institute of India publication (1955) dealing with 
the proidUiate and ultiaate analyses, caking ind«c, calorific values, 
heat of watting, GietMiIsr Plastooeter tests, analyses and ftision 
range of Mh, Gre^wKiiig H.f .C. and L.T.C. assays and blending of 
these eoals with certain ooals tnm. Jharia and Giridih coalfields. 
The results showed that the RaniganJ eoals having lowsr carbon, lower 
ealorij^c values and the hig^r heat of wstting are lower in rank as 
coiqiared to the Jharia coking eoals. The Raniganj eoals yielded 
greater anaunts of tar and gas and all of then ttiObain lower ash and 
high volatile contents than the Jharia coals. 
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S£fif£S 
( 3400') 
/ffoA/srofff 
(f200') 
(2i/00 ') 
/9J?C//^MA/S 
//£6/t- J/9/>^6AO - 0O*>Ji/9// SS/9/>7 (20 '-40') 
/>MUof//}/f3A»4i - />a»i/inffie/fi -M£'//D/9 - CA/ox>/r SS/TAT (a 'So') 
T>/Sf/e/^c/?/?f/SS/9A7 ^0-20') 
S^^crofi//P - /=*<iA/y/9 r/ j£^A7 (3'-^7') 
Cf//t//Cf/^/3£6i//^/^ S£^4^ ("f'-fo') 
r^///<^ff^C/lfi S£4A1 (O -/O ' ) 
L^/MDM-S^^/^^ Se44/4 ^o'-4o') 
s/i^4//A>t//^ ' c ' - AT^ST^ sf^^ c^s'- so') 
pi/s^f S£/9/>7 Ct^^ro 20') 
FfO, ^, C0A7/>os/T£ s/rcr/OA/ o^ TH£ 
(^^f^rs/p s. /?. G££:. /94/ ) . 
(3«) 
Gonsixterlng the data alfady avftilabl* regarding the eheoLeal 
eharaot«r8 of the RanlgenJ <K>al8^ tlw pr«Mi^ iivrastlgation -was sads 
aninlj to M « how the petroXogioal oonstitutitm of these ooaXe is 
related to their ohenloal cdiisraoters. 
The oheadoal (duuraotere of a ooal rei^reaent the «>Uective 
effeet of the geological proMsees involved in its foraiatlon. The 
extent to tihioh the vegetable aiatter was deeoflgmsed during the bio-
chenieal etagea^ lax^ely affects the oheadoal oonotitttticm of a ooaX. 
Heat and pressure pXajr an inportant role during the later stages of 
eoallfieation. 
fhm strata of the RaniganJ and Barakar iasasures are separated 
bf a 1,200 feet thlek Ironstone Shales. There Mire two periods of 
eoal fornation and the deposition of eoal seans eeased during the 
•id-Pendwi tijBS. The Barakar awamures were deposited during the 
Lower PemLan i^le the ftaniganj sMaeures were deposited daring the 
0pper Perndan period. Considering the thickness of the strata as » 
whole, it is expected that a aarksd distinction in the cheadLoal nature 
of these coals would naturalljr arise. 
k eoaposite section of the strata in the Raniganj ooalfleM 
is shown in Fig. 4. The Barakar measure coals with an overload of 
dbout 7«600 feet -
(39) 
Supra Panehats • , 
PanolMts •« 
Kwilgatij MMflorvs «. 
IronirbcMM Shales •« 
total 
1,000 ft»«t 
2,000 fMt 
3,400 fMt 
},200 fs«t 
7,600 f««t 
lioaXci •3qp0rl«no« gr«at«r pressure and heat than the RaniganJ waaure 
eoals under an overburden of 3,000 feet. Further, the imsreasing 
overtKurden, i«Lth dejuth, tiould cause prc^pressive differences in the 
•uooessive seams. 
MLcx^soopiio socaoination of the BanigaaJ ooals la transaitted 
light revealxkl that the distrihutieai of the petrologieal constituents 
in the Barakar aeamire eo£^ ls is different than in the Raniganj oeasurs 
ooals. The proportion of vitrsin bands is Issser than of durain bands 
in the Bsrakar asasore eoals. f^irther, the durains contain fusain, 
vltri-rusain, olorinite and oi»(|ae matter in ooiqiaratively larger 
quantitiss than the vitrain strips or fnnpasnts. CM the other hand, 
the RaniganJ meamure ooals are generally oore vitrainy and th^Lr 
durains aj^jear aore brighter due to the larger aaounts of vitrain 
strips and eo^Hirativeljr lesser anouats of fusain, vitrifusain, 
aierinite and opaque matter. Further, the RaniganJ durains contain 
larger asounts of spores. In general, ttM qpiantitjr of adjuiral oMtter 
is eaaller in the RaniganJ laeamire coals. 
ikO) 
In viev of th« above asntionad diffarsnces, tb« eh«aloal 
<3harAet«r« of thes* two aaasurtta ar« dtalt 8«purat«ljr. 
Z« BARAKftR mtmm. G0M3 
41 san^les from 0»v«n eoal WHUBS MTS axasdned and tha results 
ar« shorn In Tabls 3 . 
PrcxB TabXs 3 It i s apiwrsnt that the aoistiure content has a 
general tendenoy to deereaee as the basal sesas are ai^troaehed. The 
variation in the moisture eorri;.enb vith depth i s as follows:* 
VIZ. Chaneh - BegunLa . . . . 
H . Shai^ MT *3' * Kharbari , . 
V* aaanagar 
Laikdih 
IV. Salanpur 'C* . . •• ». 
ZH. Bindabanpur . . . . . . 
IX. Kaliflati - Qaoagoria • 
Salanpur 'A' seam . . 
Mvtadih (local) . . 
I . Badjna •• •• •• 
% IKOSTURB 
1.62- 2.68 
1.58- 1.70 
0 . 7 2 - 1.82 
1.07- 1.52 
t . t S - 1.22 
1.12 
0,8k " 1.44 
1.09 
0 .85 - 1.15 
m, at 
7 
9 
4 
a 
f 
t 
f 
2 
Total 39 
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(41) 
The Ohoralia 'Bottom* awan, in th« eaatem part of th» eoaX> 
fi9ld, shows 2.06 - 2 . ^ aolsturs In two sajq>lA8. This sssm is 
•quivalsnt to the Kalioati •> Etaoagoria - Salanpar 'A< sean, reprssented 
in the western part of the field, which shows a noiature range of 
0.8t» - 1.4il^ * It appears that the aoisture oon^i^ inereases when 
traced eastwards. The Oanodas show diislraition in thiekness towards 
the eastern part of the coalfield as a oonsequenoe of tAii(^ the oveiv* 
burden goes on deereasing with eorresponding decrease in pressure and 
heat. Thus the higher acisturs content in the seast xtnder discussion 
can be eiqplained as a result of reduced Iwat and presMre. 
The r6x^9 of laoisture variation in the Barakar xwasure coals 
is shown in the lower part of Fig. 5. It is indicated that the 
ncdsture content tends to decrease idth depth. (The upper part of 
this figure shows variation of Boisture in the Baniganj laeasure coals 
dealt ahead.) 
The aoisture content of a «3al greatly affects its caking 
Iflropert7> calorific value and spscifie gravity. Feraor (192^P» 352) and 
FoK (1930* p. I8l) have shown that higher amount of ooisturs iBfiart a 
no»>oaking c^iaracter to vitrain. Gee (1932, p. 263j 1940, p. 536} 
t9k$0 p. $3) has observsd the sane to be true in the case of RaniganJ 
coals as wall. An increase in sp. gr. with aoisture in vitrain was 
observed by Pernor (l929,p.226)&PoK.(i930,p. 180). Q»« (1932, p. 263) 
m) 
4* Pitipgtlvttt 9f WjOiiiinitciiiTlj Bjidiurt iMtMHP» 
IMAMWIII %h» msfiffm im»m adt ml^try tm SitfUdi tlKVf»« a««Bi^ U4«d with 
mndrn, la soinaa -Mltii aXX «(iIlad4ftX qrsfetoa, honvvw^ Mit«r &• 
uriMo* ia • taiftX )m» « aoxwd ifi^ peiiv pcMoaudNi IAMHNMMI to* ooHnlrtnHy 
p* 41)* in* to«a aaiiton ^ • « M I i» » f i i r iaSiK ^ lft» m»lt* nrmsla 
ht^m Bo&iifcttm oofAsiKb of m mtX mm m^ b« of u^ptmime^ MsanMQr* 
fiwlktor Ctf98» 9» m) iMbm Uiak %h& rim %» rmAt twm pmSk U 
(43) 
f«t bltttiBlnotts eoal i t due to tha loss of lidMront aalsturs. 
yg,kt^ 4r3,e %^ i^ff» 
The p«rosntag« <^ volatiliS autttffr in th» Barakar nsasor* eoals 
•«rl«s uLihin 22.^5" 35*02 (d .a . f . ) . Ths nurious ssaos uni«r 
sacaial nation riiotr th« followLng variations i-
8WJI V.M,% (d.a*f.) SAlffLES 
7ZI. Chaneh - B^;unia ssam . . 26.97 ~ 31*62 7 
7Z. BhaBBpar *V - IQiarbari s«an 32.A4 - 35*02 I 
V. RftBoiagar seam . . . . 31'^t - 33.16 4 
Lalkdih a*a» . . •• 24*92-32.78 %% 
Vf, Salaiqiur 'C* mua . . 27*71 - 2d.68 t 
IZZ. Blndabanpur saam . . •• 25*04 f 
XI. XaUoati •> Oaaagoria -
SaXaniJur 'A* saaa . . 22 .15- 27.dl 7 
Nitadih (looaX) SMK 28.68 I 
I . Badjna aaam . . *• 23.70-25*28 2 
Zn tha axtrama aastam part of tha ooalflald, tha Gteu-ttlia 
•Botton' seam has a volatile oontent (d.a.f . ) of 28.t8 - 33*91^ in 
2 8aJiQ>le8. Those figures are higher than those stoim by i t s e<|aivalent 
B£Ci/NM COlU£^Y. 
88j>o_ 
/ It 
5312-6 
7od-5 . 
88-0 SMffl£,S/f^l>S70^e /f/^D C/?eYS/f/9l£ 
t ft 
-?/-// 6/9A/£fSro//£ 
9jO^ COi^l (^£<^(/A//^ S£/^Af) 
24-2 s^^i.£ />/^o s/f//osror^£: 
1-6 co/f/. 
I60-f0 SH^L£, S/^^Oy S^AIS ^ SiV//£>STO^i 
5 - / CO/fL 
285-6 Sf^Al£. S/9/^OyS//^ie € S/9A/Z>JTOf)/£. 
6-9 COffl 
if6 - 8 s///9^£ s^/zosrc^e ff c^/pao/v^c£oi/s s//^/£ 
0-3 COt9L 
30-/ Sff'^l£^ S^^l Y S/9//l>SrO//£ jf S/7//DST0f/£. 
97-8 SM^Ar/9 fi//l> CO^l C^^^^^^^ S£/9/>r). 
2-9 S/9//£>Y S///9l£ 
F/0 €. SCAL£ : J//>fc» =/oc Kdrer. 
(44) 
th» KaliBati - Damagoria > Salanpur <A* 8«aB (voUtllsa 22.15 - 27.dl$ 
on dry and fr«e basis)« 
fim voXatiles (d«a.f.) do not show aiqr strict rsgularity ia 
deereass %dth dspth, although th« basal ssaos ars poorsr in thoir 
volati ls con&snts as ooayjarsd to the upper seams. 
At the B^ E^unia eollierjr the B^unia seam i s net 798* 6l^ above 
the l^ikdih seaa. Analyses of eoal sanples trom tliese seaaas show 
the range of volBtiles as followsi* 
COLUSRI mm V.M.JJ (d.a,f . ) Sw»lSS 
< Begunia sean 29*18-31.46 4 
Begmda ( (Strata 798'6'') 
( Laikdih seam 24.92«- 27.9d 6 
A seotion of strata at the Begunia ooUlery passing through 
theM attaaa i s shorn in Fig. 6. 
The above observations <^ ow that the volatiles (d.a.f . ) 
decrease with depth and the same i s true i f aoisture i s also taken 
into oonsideration. In 1873» Prof. Hilt observed a change in the 
volatile content with diqjth in the coalfields of Biaitir, South Wales 
and Pas de Calls and concluded that the volatile matter in coal 
deez^ases proportions] ly with the depth of tlHi sei^ from the surface. 
(45) 
Strahan 6 Pollajrcl (TO* Ralstrlok & Kurshall, I9!39» p. 238) observed 
•lallBr effect8 in tlw South Wales coalfield. Aeoordlog to Hlekling 
(t932) i f interrals sore than ICX) yards are takwi into conalderation 
the results are sli^dfleant. The e^iplieiMllty of Kilt's law has 
hem proved bj Pox (f93tef VP» 55-56) to the coal seaas of the Jharia 
ooalfleld. Purther^ he cites exaiqalss from the Boeene ooals of 
Kalakot and Daauda coals of Tindhariaf both having low volatilsa than 
aoTMl* sad writes (I93la, p. 256) that the observations are in f^Ol 
agreenstit. with Hilt's Law. Variations in analyses with depth in 
eonfcaridJty with Hilt's Law have also been proved in the Tertiary 
coals of Urn Victoria brown coal lasasures by Ed\mv<Xs (MS Frands 
1954, pp. 2ld-t9). 
Ihm phenoaenon of progressive devolatilisation of coal 
with d ^ h has been described bj a nuaiMir of woricers. \M.Ut (19O84P.315) 
believes th&t the essential cause for progresd.ve devolatilisation 
i s the deeper-seeied )u>ris»Ma^ al thrust aoveoBD^ end the deeply burrled 
eoalSf in the svsi vertical coltum, are further devolatilized. The 
saias author (1925* p> 279) writes that the rate of downward increase 
in the fijead carbon can be due (H\ly in part to rate of increase in 
tiM thiekiwss of the overload. In 1^ 28 Beeves (see Trotter 1948, 
p. 390) ascribed ths devolatiliisation of the Morth Amrican coal 
MMUW to heat and pressure developed In conae<|iMnce of iMrial by 
mpczlncuaiient strata. 
US) 
Rani««nj tiH Jliavi*. tiM aMl^rtM oC viitsla t«iMl to item an i P t e i ^ 
• • . . i>- \ •, ' • , , : , ? * • ( , > ' - - r f j : - * ' ' • • ' : • . . 
iimPWf'W'i^w^ ^W^^*^ V^^^^HHk^KVv^v^V ^Pv^^BWiy ^^••^B WV^^^^PVPPi^HlV W ^Q^K^^ n^Hwv^ ^ ^••^•Br^B^i^w' ^ WB^^HP^jj^ 
fidt sfHw gjAftiwiI idiftOK* of eoBdbU^ i^ rai of oadL^ bial dapMll^ Um* 
iywl hltfh fWik pM^ «f thtt « » a bMin* 
TV^«r (19M^ p« 991) is of the opinloa theft tha 4iKi1iitt3twitl<iWl 
«f ti l* Scwbh lifcliit OOIUJI tiUoMi piMW ia » lietrlioUtftI plan» towtftls %km 
MiiB flweM^ «al tto dn^fiAMi in tlw w2ii|ill« oontAots lAtli 4IM^II vaii«B 
idtth tte m^gmam oJT t)i» dLttaiiM of ttit MMSM ftxMi tlM j^ Lam of itear or 
i i f iMt. liB f9ID tivU ffinthcMr (««• 3ttgpit«, }99fr« p. aot) iMphaiistdl M!i» 
•laor v«iRl«tiaM» in «o»X «•«• wLtdtiXMi «ri«ti« f m i tin* diff(MMDOM I A 
t ^ Migiiliil goi|}98it&on of vugiftgtlon mA polntad out that tliaae vailai-
tiLona laaaflBi p«9p«»eiva3jr i f t)«i ooai 1»ao«Niaa 4aiWilaUli»ai« 
o^naa (1919^ p. 960 aiitaa th«t tbaapa ia na idbii^ wtlfiaartlwil 
XaM of ^jwlflrtii 11 t i t I <tii ulstli dapUi Wbia^  ia ^ppUfliliXa to an(f aoAlftailift aa 
(47) 
« yJbola or 0v«n to 4irfer«nt p&rta of OIM eoalfield. K« Is of th* 
^S^jaXxm i%9k% p* 357) ih«t ^ « affdei of ^masure &t grsator cteptb 
•ay niaxd th9 zvaotlon and oannot dlMnish th« volaiil* oott^tAa of 
a ooal 8«an. In his anotbar publioafeloa tills autiior(i95t, p.5l) vsltes tiaA 
Um axtrmwljr In^ioata rsXatlon botwaan voXatila oontenb and dapth aan 
bo tatplainod only by tha h^potbaaia that tha diftnglng oondltioas Whleh 
iriatalxiad ittien tha saa® was burlad to varying daptha ara raaponalbl* 
for tlw variation of the volatll« ooatwnfea. 
Haak, }%3{ iMJaan* 19^ (aa« 5ttggata }956» i^. 201 It 219) 
9MA Joaaa (195*) saptport the d<i^h of burial tbaiHry aa the naln oauae 
of davolatlUsatloQ of a eoaX • « « • 
Suggata (1956, p. 202) M^liaalMa that the affects of ooal 
tarpe dlfferaiwea oust be oonaldered In asgr dlawisslon of depth - volatl3« 
relatlema and ttrltest "It la unsafe * otdqg to tha ooal type dlfferenoea, 
to ooiqpare ooala of one a^ o In one oountry tdth those of a ocmalderably 
different age In another^ as Trotter did In 1992.** This »id^r ei^iporta 
the depth of bttrlal theory and Mites f^n^her on page 215t **9epth of 
burial la the alopleat geolx^o&X explanation, {MTtlottlarly alnoe 
dlf ferwioea of depth. In a l l depth r a i ^ s , oan aoaroely be held to have 
no effeot at a l l . There la no evldenoe that teetonlo disturbance 
I»i<oduoea h l ^ teosjeraturea, exoept In those la^ra li^wdlately adjaomit 
to faults of Uw greatest angnltude.** Be eonoladea that depth of 
bttxlal of about 10,000 feet proiSbsaes low rardc blttinlnous ooal and of 
(48) 
tknaoA 19»000 tm«t produces a ooal «lth ^ volatil«a and i s tht ostuMi 
«C rude InenMiM in n i l coaUlaMsy vxovpt in arsan of oank«>ai neta» 
lift 
The peroentftge of oi^ in the Bsrakar asaoure oo&Xs rangea froa 
5« 14 •> 3$«38< The u ^ oontentr in the differm^ seestt i e ae folloMet* 
VZI, (Sunoh - Begonia •• . . 5.14 
VX. ^laopor *3' - Khai^ari . . 17.04 
V* RaMBMitav 
XV. Solanpur 'C* 
•• . . f0.l3 
• • •• 3« t* 
I7 . l« 
35.38 
f6.3t 
ao.04 
. . ao.Q3- 31.70 
. . 22.60 
ZX. KaXiavii • DaiBagoria -
Salam^ur 'A> - ChanOia.. n . 6 8 » 29.64 
ifalKdili (looeX) . . 14JM» 
X. BadStm. •• . . 14.14- 17.74 
t 
s 
4 
12 
8 
t 
t 
2 
41 
ftw effeota of aah oontenb <m the ^p. gr. anS oalorifie iralae 
(m tiwae oaaXa i s dtoalt ahead. 
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(49) 
Oalorifie twlxMis tor 33 Miif)l«8 «•» ^MtmnsAxmA, Th« )w«tlng 
yaliw of tbBM ooals VKTIOS frcMB 8489 - 14301 B.Th.U/Xb (fts dttamtMKl)^  
ami the dUtt^rmA muam itftcw the foUotilzHS nagwn" 
vn. 
f i . 
¥ . 
I?. 
2XX. 
U . 
Z. 
MAM 
Qhm^ - Bugoiilft 
Shaafur *3* - Kharl>arl., 
LailGdih . . 
Salanpur *C' . . 
Blndji^biiiqiMr • . 
• • 
• • 
• • 
• • 
• • 
• • 
KallBK£tl - QftNMgorla » 
Sftlanijur - {^urulla *Bott<»i* 
liitadlh ( l0cal ) , . 
BadJnA •• 
• • 
• • 
O.V. B.Th.U/2to. 
(fts (totwrndiMKl) 
13077-
Bkfff" 
13106* 
11066-
10058-
«» «w 
t o i i d -
12999 
11743 
14301 
12191 
13378 
13817 
12015 
4K 
12953 
• • 
• • 
• « 
• • 
• • 
• • 
• • 
«• 
• • 
N». Of 
5 
3 
a 
If 
2 
«• 
8 
t 
1 
33 
Tb0 ealorlfle Vftlue do<ii«aMa with the aah oontant. In 
ri4(. 7 tho oaXorlfio valiiea ara plottad againat aah paraantafea. Tha 
raXatlonahlp la an Invaraa om, Tim affaot of nalstura on Urn aalo-> 
rlf la vaXua la not vary af^ Mpaoinbla aa tha raagi» of aolatiava in thaaa 
ooala la lem, i.a.» flfom 0,9k - 2.6^. ^mgoaOlf, aa tha eaXoilfXa 
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(50) 
vaJUM adLnljr <bipNid» on flxad eactxm, the on^al vrfMOt of nolstum 
mad aah in diffcrynb {anoportlons oLght rvtmXt In sli^it deviations. 
Tht iwlation of oalorifie irala« to aaio^ur* i« ahotn in Fig. d. In 
•Mpl98 having noistw« oontwtt n«fir2jr •qittal, th« oaXorifiQ ralxm i s 
•Mm to Mcrmmm tdLtb ash oont«tit uA dir«atljr vslfttvd to fimd oarboit. 
fht foUottinK «xi«pl*0 or* takm fktm Fig. lbs. 7 and 8s-
3. 
4. 
6. 
IT 
28 
I f 
I I 
15 
t9 
26 
m 
97 
20 
17 
21 
15 
18 
3k 
l« 
0.96 
0.95 
1.07 
1.09 
t,05 
t . l 4 
t . tS 
f . i5 
1.22 
1.22 
1.18 
1.34 
1.30 
1.32 
1.19 
1.44 
1U>4 
1.48 
lUi4 
t6. l0 
29.64 
11.82 
14.14 
22.75 
8.15 
16.54 
17.74 
0,9I 
19.14 
20.03 
31.70 
9.l6 
t0.8f 
12,16 
22.82 
11.43 
13.35 
17.64 
10.o8 
1317a 
12999 
11912 
13817 
12371 
11741 
12544 
12015 
12015 
10058 
133^ 
13196 
13095 
11299 
12976 
12933 
11866 
12728 
64.57 
50.11 
62.09 
60.24 
56.58 
61.76 
58.26 
61.89 
63.as2 
53.52 
56.93 
47.87 
65.64 
65.99 
63.09 
55.77 
62.76 
63.87 
58.00 
58.95 
(ContimMd) 
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./Ik. 
•iiii<»i«lW#Wii|iiiii.i iiiii ' ' • 
7. 12 
fO 
8. 3 
i 
f 
9. 1 
31 
f.5d 
1.62 
1.70 
2.04 
2.06 
lt.56 
17.0^ 
%0,Bk 
17.12 
35-39 
fcao 
26*78 
13106 
11961 
13666 
12191 
6m 
13529 
10118 
58.06 
5%.»7 
63.93 
52,79 
42.51 
61.12 
47.03 
Pii^X (19C )^ ol»«rvitd that on gzlniing a 009X idth tta afttt* 
»»vtir» t ^ (b^TM of adha^on amma to ooinolil* with i ta QiMng (faalit^'. 
Tha aolabUity of ooal In anUinB nay Indtieate i ta eaking oharaotar. In 
t9ttt WMMlar (MO KmvaXaii 1961» p. t77i etraarvad that tha gaana ooapounda 
tarn tlM eaking oonatituaflfea of a ooaX. ZUingnnrth (1922) ootMldara 
that tha ralativa {Hroportiona of ol^AiA, hata and g«nna eoeq;K»inda j»«8anft 
in a ooaX« Xaf^ ^^ jr aff«Mit i t s ocJciag peopttrtj and tha abaanoa of 
e&aponnAB aooounta for tha fum-ealdng cfoality. Piatara and 
(1^2) atomrvm that tha ONilting point of vitrain riaaa aa 
aoalifloaticm j^ roeaada wLtb a raault tta«t in h i ^ rank eoaLai i t doaa 
not a»lt at a l l bob (mly daoc»i|)oaao laavins povotta paxtiolaa of e<rica. 
ahimiiuz«(i933)« idhila aauudnLng tha oaking and awalling propartiaa of 
m 
««rUin Jl^ »fta•M m»i»$ iomA §mm^ iumffmxAw %Q ixunxmoM i^kAs^ 
M^HTMyt cMMu Midi JBHMii* i i f HWimlii to InflaiBSii ifiwiniinr And ^ ^ 
Iiit9«r tilt ao9i«a «oflik«nfr l a %im alflM oquxmntt, tli« t^^eomg/mt i» tto* 
•i^ iAiW |ffop«i%3r« Bunt* «t . IJL (t99>3> obtcrvai tha^ alithcftgh IIM 
ii2|lMi^  £liirt^ MiiM 4o aoft Mtai M* «ULy haUb tImAr prmmtam I* iilNitWMUrr 
l a tilt ooldiig prooMt* 
IMQr (ty94> i0 i iM t<fcu^  aoa» Iwift fOm MtuiaiiKmii ooais |l«14 
ft •QIBS IMI « 2 1 tiM taltwdamui maiU 4k» not JRUM (tqpitaj^ §aoA mim* 
iMi^ vpm nui|x»i0il»lii for ookliiK* lEhlt aittlior fais»l M»o4ar iMtVta of 
ft %i(gBS^ ttom (ktMfi» to pp&Smm • vwvar i«f«9PlMr t j ^ of ookft iMlftftMug 
VtuA mm mtAwUX$ « M ^ ftl^t in mikSjigf i t mm pmmA «t tli* Ugnitlft 
AeooffUng to itHtv itn§ p* JUl t9S5» p« t$t) tiw oeiiliial 
VMd MBftt IHWO HBtfaMfgOW t^ M) VW|iijdlt# dOPMO Of OtMW&tftiL MDCUtflftftbSlHI 
i n ovdiv to pKoteto Mtti «»i ^ M |»WMK«M of iporftOii in asqr oonoldftrabXt 
SXiEi^ Ur (1997) tfMiAlftd tlio ftMOlXifli pemm of ^mOm ftt 4iffarae* 
tlift #ifMo Of vMftUiDi Of a^r ooftl. ^a«ini tlui I sbon^iy W«t «M% bo 
oorvoiAto^ to II ooitftlA oMton^  lAtb tho ftfaHitir to px*odb»oo wsSm i a tho 
(53) 
ookB wn, bitt oaonot aCLmyti b« aoo*pted ea a mtmmm of i t s G<^ C1I« 
i ldl itr . SpooiMr and i49tt (1937) 8tat« that th« a%i»XllAg poNvr i s 
not a dirwot indax of <»>klng power iMit tho test ooidng ooala hava a 
atroQg mmUXm pomr, Hott (t%2) wrltaa that th« sMaXXing taats 
idtiow a ganaral mXatlonohlp to thm ooa^altlon of t)w bxlght ooalj 
availing inoraaaaa with tha eavbon a»t hjfidrc^ n CKmtwata and cbirain 
Vitrain end olai^dn of tha baat ooking oooatitttaata of a 
coking eoal but diiraina are ^narally turn ooking mlass rioh in 
vitraia. TratMluoaiit Imdo mttar poaaaaaaa a vary faabla analling 
power and Aiaain ia osmphKbuly inmrt ma i t il^om9 not fUaa at aUL* 
BafAnan and J«iknar <}933» p> 96) vrtta that the prinoiple ooapoaaot 
g&vmLng tha ookif^ ability ia vitraiA, The other eoflfonanta 
i»@rcia« an imfavouz^la infXoanca aeoording to tbair anount and 
natiira, but 1 ^ ooking ability of a vitrain daangaa idth tlw varioua 
ataiaa of oaaXifioaiion. 
In odt^ ar to investigate the ooidng (^laraotariatioa of th* Etarakar 
•aaaura ooaJUi« Xaboratory toata for 4* aan|>la8 war* oar^led and their 
8.3. Sw»lXii« Kbs. wiMre dataz^ adjrutd. Tha raaulta show that alX the saaplaa* 
aauMpt two, yield a ooke. Good quality ooloss were produoed froa the 
OuuK^ - Bagunia and Kamagar - Uikdih aeana. 
The 8.3. Swelling indioas vary fi^ oa t to 9» IQ ganer&X,» tha 
d © o o 
9 
O 
O O 
G O 
G G GGD 
GO G © 
QIDOGG O GD O G O GG 
X X X 
/a /9 2o 2/ 22 23 24 2S 26 27 2^ 2^ 3o 
i^di/9r/ie Af/9rr£/?(//rss ^ o^sroes) ^ 
F/O /O. S/^OiV/A/6 Je^l/?T/OA/ /B£-r/1/^£'// /3.S.SiJ/^^l///0 
rbS 
ru _ 
il^  145. 
/3S 
/3o 
r/6 /I 
a> 
^ 
'<? 
G ^ ® 
<p 
X 
00 
/ 6 /5" i o 2S 3o 3S 
( » ) 
batt<Mi MNMHi (Z to 17) of ilw Barakar niBflaMSt havt low mtlling aaabW9 
t to 11^  aiKi nuMljr 2. Tho upp^t wmm (? to VU) •how B.S. SwUlng 
Indax flFOii i^ to 9» tho lovmr soaos ax« gonoralljr aoro duraiiiy in 
fltatttro MliilAa th0 Lalkellh, BflMMfATt Chfiosh and Bogunlai aoeats art oon-
putmtt^mly rleh in vlti^in and oXandit* Fozthor^ as oooqparod to tho 
loMMT MHunii, Utt ufjiwr muma ecmtaln Xoe««P anounta of aah, 7h» tK>»> 
oaklns ^Mrmtrne of tto aaai^ Uia^  nHitioaad abow In tim prsoodijig pain»» 
jpnyli^  la diMi to th« pnsmnm of hi^ i^er proportion* of <to»raiii in fUaain* 
Tha inilAtl<Muibip b«ti«t(m tha aah o«it«it and B.3. awilliiig lb. 
la itfioMi in Fig. 9« 2t ia a««n tliat the highar awalUitg auabara 
oorraapofxi to low tah paroantafaa. 
In Fig. to tba ralationahip batMoan tba B.S. SwaXXii^  flc»« ani 
VoXatila nattar (laaa noia^ Mra) ia dtowi. Tba awaXling ia saan to 
inex«a8tt Mftth the volatile oon^nt. {k>i«avir» all tha poinia do not faU 
i s a aaooth o t m . fhia indicataa thist the ewelling aadmr does not 
only depend on the eali ani iwlatile araitter. 
itenriial3-et^^5B,p.lI9)iirite that tha hli^er aoounta of aah in the 
Indian and Aastralian ooala are A leaat partljr attriteitable to the un-
expected exoellant c|aality of laetallnrgieal ooke &a the alneval natter 
foviMi an effeetive hincline. Parks et. al (f957) have tdiom that the 
qiatazitit/ of ftuain in ooel ia advantageotta to aom ext«nt aa durisiB the 
CMillinK period ttM oapiUariea fontad hgr the faaain help to ret&in the 
(55) 
TlM 8p. gr. (iwisradLmtloiui M M oanrlad out for :^ MUfOAa. tht 
9p, gr. of l^ lMMi 906XB rtuAma fxtm f.33 * 1.6^* Fig. tl Bbom th» 
inowaao la sp. gr. idth aili. 
•jSflfs&CBiMillSjfiBdBJS 
fhe ptrcontag* of OATbon dioaddi* MM detonainidi in 38 s«^p2«» 
•nd Mas found to vary froa 0.0(^ to I«s8 than l .009(} only In tw> OMMS 
•Kfidtng over i% and in on» case •XMods «VBn u]9to 2.0291. TtM Ixm 
3ii«Xd of oavtea dicodLdo Indieii^s vwrsr littlff qtiaiAltjr of oarlxmAts 
•Uwrals j>r«8»nk in thoae ooals. &at %dien i t axooods over l%, i t idKw34 
bo aoeoiiJiMd for oomuitlng the valxuie of volatile natter* ae aoae 
earbon dioisdlde la al»o liberated on deoon^altlon of the oafbonate 
idneraXa. 
The {leroentage of aKdplmr In the Baralear neaeure ooale wae 
debenalned in 33 aaaplea fagr the boarib avti»d. tho aaount of aulpfaur 
IMP found to vary idthla 0.299( - 0,7^« eacoept one saaple ahoidng 
f .lajt eolptar. 3aeh a low range of aulptetr. In theee eoala, indleatae 
I t 8 InlMnrent aharaoter. 
(56) 
n . RAMX6AIU MMSUBE G0AI3 
6t oo&l B«Bq;>l«8 fron th« imriowi eoal Mam of th« RaxiiganJ 
wiasurts wi« subjfrotttd to ohMnteaX anal^rass in order to mo ham 
tlM7 differ l a tlwir oiwaioaX (ih»r»oit«ps froa t ^ Bftrak&r a»amtr« 
eoala. The r«8a:Ur8 of the oheaiieaX it»«stl8atl(»i are shoiti in 
T^ble 4* 
ThB Boleture oonteot In the fUurdganj ooitXa hue been observed 
to be higher then in the Berokar wasare ooele. f^ aedeture oozltent 
in the ooals, unfair exaadnfttioa, veries froM 2.25 - &>2B%. The veriatioa 
in the ODistore wmtent with depth i s \mlX nuted a« has been observed 
in the ease of the Barakar oeasure ooala. The variation of tha ooiature 
eonfcent, in the differeafc aeatMyin deeeenSLng order» ia aa foUoMt* 
SUM 
X, Bharat <%aic •« 
XX. Qhosiidc - U|>per Kajora 
TZXX. Bora Chak - JwdLhari -
EanigaiK} " lower Sajora -
JaUMA 
tmimum 
3.43 - 4.64 
4.30 - 6.44 
9.11 • 8.2d 
4.67 - 5.47 
NO. or 
1 
f 
8 
2 
(57) 
38M % msmtom Si^s 
TX. Kmti&B, •• •• 5.01 * 5*90 3 
V. (Bani OliMao -
Jawoda • Satgraa •• 2.13 • 5.65 tO 
ZV. 01sl»vi«rti <• 3aala . . «• 2 .25-6.93 t3 
Z2X. H«U.iua > Xoiihl . . .* 2 . ^ * 4 . 4 6 6 
n . SttnotreHrlii •<• PtHtUML •• 2.58 - 4*64 8 
X. TaXior •• •« 3*87 - 4.25 3 
TT 
thtt Variation of a^stuvw^ idih 4«ptlt, i s i ^ w i i n the upper 
luOf of Fi«. No. 5. 
Th» Baidganj wamr* eoals show a aazicsd Tariaftion ia aolstura 
Qonfc«9«t i a a horiaoAtal diraetion aaatMards. The noistura eontant in 
« partioular Maa i a found t o inoreuMi idh»n folIoMSd eastuardia. The 
foXloidog vxaxspiXmo are Qote«ortlQr»-
MQXsTiBs fmssmMm wm»&im wstmam zx 
TH& VARIOUS GQhL 
( l ) XX. camaiok > Upper fCa^ ora Seaa 
urn 
north ca»aiok CoXXjr. itealift ColXgr* ladiipar Golly. 
4.30 4.66*5.19 5.56-6.44 
(It) 
(a) VZXZ. Bom Quk " i}«iAhtfl » R«ii«ai^ - Umat 
Boom OiiJc dMi^AliMftjM l$ilialdi> 
OoUjr. Collar. GoU^. 
5.11 5.9a 5 . ^ - 6499 5»n 6.38 - 8.2i 
(3) 
Haiii Otwno North Bvodc JflMBVlft llMt 
2.<8 - 3.ao 3.52 - 3.97 k*3k > 4.96 4.d9 - 5.65 
(4) 2V. QUlwvgarh ~ SaaU 
Banlpur 
G0II7. 
Settopor 
Colly. 
2.25 - 3.07 2.30 " aM> 2.36 -> 3.07 3.00 - k,26 5.99 - 6.93 
(9) SIX. Hstlnal - Kolthl aM» 
Sfamit&lpar 
OoU^ r* 
QsLohoxla 
Collar. CoUy. C0U7. 
2.85 - 3.30 3.37 - 3.65 3.32 4 .^ 
( « ) 
C0II7. 
2.58 - 2.60 
XI. StmatotiM * 
9 3 . BsrabMd. 
3 . « *• 4.64 
PonLctl sMn 
Bnaksatla 
coiagr. 
3.62 
itoiftlpir 
Col3/. 
4.51 - 4.63 
( » ) 
Xn maptxtmn to tha Barakar Mftourt COB1«, ttui RanlgaiiJ 
wmuKsem oocOa w«r« f oondi to |fi«M h i i ^ r anounfc of volailXt B»tt«r. 
Th« perosntage of volatilss (d.a.f • ] l a ttw varlmis SMMM^ in d«8e«niing 
oMUir i s given Iwlowi'* 
« • " * V»n*^ Vd*fttf«/ SA^IRS 
IX. Qhttslok - Uppvr Kajom.. . . 
T i l l . 8ora Ghak - Jmihail -
RanlgiinJ - lamr Kejora « 
<}ftS8bad. • • . « 
V n . loMBr OhaeUai *. .» 
VI* KiKiAtt •• «• 
V . (BftTft Dheao * 
(Rai^ iuauithlM l^ - NsncrfiarbaJutl -
Jaauzla -> Sairam . . •• 
XV. DlglMini^ ufh - SasOA •• •• 
U I . BaUnal - Kolihl 
XI. Saiwtoria <-{^anlaU. . . •• 
X. TftltoaF •• •• 
ths x«ng« fit voXatlla laaitar (d.a.f . ) In tlw RanLgaaj naansn 
ooals la 3 8 , ^ - 42.07!^. In gamrai^ p tha appar saaoa jrieM highar 
35.5t -
34.6t « 
33.0S-
33.96-
31.61 -
31.74-
28.^8 — 
3 i . » -
30.55-
32.45-
42.0? 
40.73 
40.27 
40.59 
35.65 
40.20 
37.35 
40.57 
35.78 
35.60 
3 
5 
d 
a 
3 
10 
t3 
6 
a 
3 
_ . 
rr # 
W/ff^T 76fA/je/H "0-0/ 
^/90Asaf^»r yi/fz/n 9-59 
^7^f/s- ;>foty79 <?-»• 
3HOJLT<3A/t/S JjL/f/Af O-ZI 
^76/f/S >t3b' 7& "0 - » 
J7//0IT<7//t/T A7t/t/S )fdfl^a "0-5/ 
J/fOJS^ OA/e/T yJL/7/M 0'09 
^7t^H^ if7</79 9-fit 
Jf//(?Jr<7//£/^ 0~QS/ 
37t/MS^ O-LZ 
71/OJ "o '-£ 
3r7btHS "o-^z 
ytfoo "o-€ II ' 
" I 
S7t/ffS aNl/ JMQISONI^ 0-0/ 
9aja7/i09HI//f JNOIfOAftf^ O-iL H I 
37b'HS O-S 
7VOO "0-1 II ' 
It I 
7*05" O-Zt 
-07 - s•^3p 
— 0-9L9 
o igf 
II t 
o- z/ lillllUtt* 
£o^J/€/ 'A^J/770^ MMTMIFJIff 
00—/.89 
^70'//S^ "o-tl 
37</HS^ ''o-,9 
7bro-:> *-- z ' 
^76^//9 <?-,?/ 
37t/f/S "o-i^ 
J7A/OJ.S<7A/e/9 A^e/O O'Sf 
ts^e^e/u. Od/t/H ^o-'^ 
^7e//ys ^ Jwou5^c7//4/S o - oe 
jHOXsaMfs > stybf/fS "jo-'of « 
^A/osraz/b'S Aj^o ^ a^w/n 0-19 It ' 
:7AfOus-aA/i>'S' pu///At jo-i:/ 
S7b'//S J./ZJ./Af 7t:fOO O - t^ It / 
^A/(?JLS<7A/fi/S A9»i> "i JXf»Ait 0~99 
3ffOMSaNVS A7t/HT 
37trH^ 
71ZOO 
3A/OX$aA/VS A 7i///S~ 
37b>HS-
7b>oO 
3r7l///9 ^ JA/OXSQAfiy^ 
J//OJ.S<7A/£>'S^ ^X/f^Af 5* AS^!» Q-tS 
'0-L89 
J. 33J OOf=»yf^fr JlbfOS-
'Z/ 01:1 
oo —i8S^ 
37VHS 
PA/OX rOA/t/S XJOS 
yA/oj.yoz/eyT A3if9 ae/vH 
S:*f^i/J.f' 3f*OJ.iaM6fS' MXfM 37if//S- >/yU7ff 
Pffoxsa^t^s' ASdfO 3/joxsaf/e>'S' ArvA'S^ Asdfo 
SHOJ.SOMtfS' A9itO 
7btOO 
376>t¥^ >tye/7& 
7d/0:f A7t/H9 O 
PA/OJ-S^Cff/t/S AJdfS> 1J09 
y/^OJ.SOA/f'S' A3i/i> ,P~J^^ 
P7I/MS "o-jlr*-
^A/o^re/A/i^S' P S7e/f/9 "e- 5 *• 
IJLXVU/ 9 
/u uc^itf 4 a/ze^S' 7JAl/^/i> o-os^ 
'9'SOC 
— 9-£9 
(to) 
ToXtttilM. Bidb ttt scMM ooXll«xl«8* wlMirv two www KMw being «K»x)wd|» 
1 ^ loiitr MMUM oontalii Jjutm^ aaeuatb of iro3Latll«a then tha oorrwspondli^ t 
tt|^r MMM. Thi fbilioidLnig «caapl«s irixm this in a elear B»iintri*> 
QoXlivxgr 
t . IsaeULpeat i^pfmr Kajont ix 
( t42ft . «t««tft 
(L(M»ir Xajova v i l l ' . 
a. JiMulA KsatC 675 ft . o t n ^ 
(Taltor I 
(Hstlml III 
9. SftMtftljpur C 142 fb. «tr«t« 
(Sanetorla IX 
f.11, ^ U.a.f . ) a n a ^ i 
37.89 - 38.76 
36.06 
36.45 - 37.45 
32.45 - 35.60 
3U59-33.77 
30.55 - 34.03 
8 
1 
41 
3 
a 
a 
flMi 8«eti«Q dT atxnta at th«8« eolll«rl«s la i^ unm in IHLg. 12. 
!n»a« •acaaplas and (ma dkiaoribad aarHar in Um Barakar aaaauma* 
liaTa ahoMi tliat tba ovaxturdian tanda to oi»aaa a <lMvaaaa in tha 'volatiXaa 
idth dki{)th and ara in aupfiort of tjfia dapth of bwrlal thK>z7. Howavar, 
tiw rata of inoraaaa in raatk o«anot ba aat^lin^ed aa tha data ia i»> 
•offioiant for thia piupoaa. Tha ajqtlioabilitjr of Hilt*a Law ottuxit 
ha JuatifUhly provad» althou^ tho ra«a3ta ara vasy oloaa to UM poasi-
1a&lit7 of Mieh an applieation. 
(60 
¥h» MflKilts of the B&oro«<M|;4.o Inrot^igatlon ham diK»Mn thtA 
tlw oMount of Blmna. anttvr in tY» Banlgaa^ SMtaur* eoaXs is <M»* 
]»ar<ilv«ljr 1J»8S than In thm Earakar oaaaura ooals. As loAi la a ntvy 
li^xjrtant Gonatituant of coal, ita naitsni anl dlatrllnitimii in angr 
ecMd la of graat li^ portanea aa It la the nature of the alnaral oattMr 
that tlM aaeoaaa of nai^ir^ a oool lupfstily dapanda on. tim raeulta 
obtainad fron the &tii deteradlnatlon do not idxni ita MtoaX natum 
but oan only mpraaent ita i^ axw in tersw of va i |^ . It la nalX 
knowi that the intlaatel/ adxed nlnaral natter oannot tie verjr effeetimiljr 
rwBOVKi bf the knotm aHhoda of wu^ng of ooal. If the oineraX aatter 
la oonoestrated >dthin eertain handa. It la eaaier to ae]»unite the 
elAaner fraotiona. ftw adoroaeopio etudy of eoal thua haa a gri«t 
bearing on the peohlmm of tiaahlng of ooal. The sdneral aMtter in the 
ooale of tim Uaniganj ateaaitrea ia Mainly ooa|x>8ed of fiaely diaaeiainatad 
partlelAa of eXay» qjoarta and oooaaiffiaalJIgr feljipura. The vitx«in 
banda are generally oleaner but in dorain banda the ainaral oatter 
ia Bdaoad up intiatttelj. Poiveeter 4 n&juaElar (i%7» pp. 22^23) fotsod 
that no apeidal advantage oan be gained by leudiing <x>al frma the Kajora 
Topf SmCLAf Qliuaiek and Bharat CSiak 
6t ooal tua^lMB repreaenting the tO vorlcabla aeaaia of the Rani-
ganj aeaeorea ware aabjeoted for a^ detemlnatimi. The peroentage 
of aiA in the varioua »wam, in deaeending oztUir, ia as foUoniB -^
tm 
Own 
1. 
« . 
vxxx. 
m. 
n. 
f. 
w. 
in. 
IZ. 
1, 
mmx^ Chak *» 
CftuHlek •> Upp«r Ka^ora 
Borft Cliak - Jwolhaxl • 
lomr Dluiiil»i •• 
Xttodft *> 
(Bftmk Olwao -> 
(Raglmnathbttkl - Maaoharbahftl 
Jaau la - S a^tgraK 
Qi»httxigarti - Suda 
H i t l a a * Kflftbhl 
s«3otorift o JPonisbi 
T«2tor 
• « 
• • 
• • 
• • 
• • 
*• 
• m 
• » 
• • 
• • 
je Aib 
t t . 4 7 - f9»l0 
5 . » - 11.09 
o»BU " iB»50 
25.54 - 33.93 
6 . 1 2 - 16*57 
9 . 9 9 - t9.6d 
6.99 - a7.4« 
9 . 9 8 - 2t.77 
7 . 3 6 - 27.16 
10.08- 17.49 
3 
1 
• 
a 
3 
to 
13 
6 
8 
3 
6t 
Ths 4uih piro«i«tag4i In ttisM ooala vari«8 froa 5*54 to 33.93» 
iMl* tfeM wnc* of airili In th« Barakar flnaeuro ooaXs is froa 5.14 -
35.38S(. I'fwi th9»i daia i t apjpaars that the tato oontont in Urn mmm 
ot both tho ooal mmmxnn i s naarly aqpial. But the foUouliag oonpaileon 
biflaiKS out a eXear deflaroatlemt-
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Froffl tho dxywi ooasHuriwm i t i s el«ar th«^ th* ptroonfcago of 
•aapljts eondtaining aah idthln 5 - fQlC and 10 - 1 j ^ i s greator in tho 
KaiilfMiJ mBmn wala liilXi iho peroentBgo of saapjboe haidJUt 20 - 2Sl 
alls I s groAtor in tho Bsnkar mawro OOAXS. Homfmr, this ooofMydoon 
iritould bo taJctn for gz t^ntoil idth OCMM rooorve and i s i^:|>lloablo oalgr 
to tlio oaflqxXoa ttnior maaAm^t<m. Inatoad of r^ fHroowOking tho oUtlro 
•oww. Pig. t3 idiowB two hl«togra«a« drawn AKMB tho abovo 4AA, In 
i4ii(^ tho dlstlnotion la aado fiirthor oloor. 
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(MNUM mn (kPtttxtdmct wnd thttlv rat^ in th« various mtaam, in dssoetxiu 
ing ozdftr i s ^owi bttXofiK-
SKIOf 
1 . Bharat Cftiak •• 
XX. Gbusiok - Ui^r Xft^ ora 
VXn. Bora Ghak - JaaDuud •> 
Baaigaii^ *• Lowar Kajoi^ •« 
VZX. Ijomr l^wika •# 
?Z. Kaada 
• * • • 
V. (Bant DhaBKH 
(Hagteuistl^^ti " IfHDi^ tarbahal -
^anula •> Satgraa. . . 
ZV* Qiahei^garh * Saala • • 
Z n . Hatinal *» Koiti^ . . 
n . Saaetoria - Pcmittti 
Z* TaiUtor •• »• 
B.Th. U/3I>. 
1t6l2» 
11466* 
f066d> 
9e04 
11599 -
10957-
102O -
10637* 
10255-
ftl3i -
}t63t 
12073 
tf7td 
12199 
12109 
13059 
12164 
12902 
12375 
to. OP 
3 
4 
7 
f 
2 
7 
11 
6 
8 
3 
51 
Tba ealorifle value daoraaaas tdth the ooiatara and ai^ 
ocmbanta. Tha nilationahip of oalorifio v&lua to asiatura i s ehomi 
in Fig. No. 14 ant t h ^ of oalorifio vaZiia to ash in Hg. So. 15* 
ttm folloning axaxBplaa show that in aaoiilaa liaving naarljr aqioaX aoiatora 
(65) 
ocwttMfb* thm ealorlflo relim dwervasMi idth the luili p»ro(intag« and 
thoa losmaMS as tho parminta^ of llxad eaifeon liiear«aa«a. 
SAHXaAlU MSASORS C0AI3 
Saai^ »». g $ Malston $ Jl A«h fi O.V.&.Th. U/Ib. i $( HXKI GaartxHi 
I* 
a. 
4. 
5. 
7. 
a. 
ta 
14 
33 
14 
16 
» 
6 
3 
t7 
44 
59 
6t 
22 
56 
43 
49 
46 
47 
43 
4t 
37 
40 
45 
6.79 
6.76 
5.99 
6.09 
59« 
4.66 
4.64 
4.63 
4.67 
4 .2 i 
4.24 
4.25 
4.24 
3.62 
3.65 
3.32 
3.30 
3.37 
3.00 
3.07 
3.07 
2.09 
2 . ^ 
12.49 
17.68 
9.01 
tl .06 
12.34 
8.06 
8.54 
12.80 
17.20 
25.54 
9.67 
10.08 
12.65 
18.31 
7.36 
15.77 
13.62 
14.06 
21,77 
12.80 
13.19 
18.21 
7.98 
13.W 
10868 
10256 
11758 
11551 
11331 
12219 
12073 
11612 
11054 
9834 
12334 
12375 
i i ® i 
10971 
12852 
11417 
11813 
11851 
10627 
12188 
11414 
12784 
11889 
52.41 
47.85 
55.00 
49.52 
50.11 
58.38 
56.76 
51.38 
51.59 
4146 
57.05 
56.37 
56.13 
48.15 
58.57 
53.11 
49.36 
56.53 
46.01 
52.75 
55.51 
55.98 
55.00 
55.09 
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eoftX* do not PO<IMNI« coking eMUt/. QtOjr ooftls fr«8 ih« QlidKiZ^ saz^  
and 3«astexla MIMW | 1 « M vxcwlleiib ooto. fh9 B.S. SMOHuf lb, do** 
not «eoa«d In wqr OAM crwr 9^. Fl|(. Ntw. l6 and 17 i^w swlation of 
Mil and vol«tllis to tiw B.S. Sw»XIli^  !b. rttspeotlvsly. In t ^ 
tommt fiKora i t i s amva tb&t tha stutXlins iB»i>«r d«of«aa»a idth iiv> 
ev«R8li% aaii ooB(t«nt idsila the Isttar dhoiw the miBlIing muaNir to 
ioffiPMUMi with iiiex<tMiQg volatilft aattor. 
£^poai£ie gravity ^tetaziidnations for 41 mmpi»B wora aada. tdt 
Haniganj maaiMra o^&l» ah<m a higher valxw of op. gr.* ranging fri^ a 
1.35 " t.57. thfo ap. gr» inoreaaaa tdth tho ai^ ooa^ot as showi in 
Fig. ito, 18. 
Forthar, the ac^stura oositant has a tandonoy to oaiMMi an 
ioaraaaa in tha apioiflo ^^vity. for ooals having ai^ oootant naarl^ 
(67) 
•c|a«l« ih« sp. ^ . InoiWMMit iA%H the aolaftur* oontvnl^  A» Bhcnm Ibgr 
1. 
2. 
3 . 
4* 
f . 
3« 
10 
%2 
6t 
45 
46 
60 
57 
34 
17 
39 
2.30 
6.79 
4.25 
2,85 
3.30 
3.67 
4.63 
6.75 
4.67 
2.40 
6.99 
6.84 
12J^9 
12.65 
13.97 
14.06 
17.49 
17.20 
17.88 
25.54 
27.48 
1.35 
1.38 
1*45 
1.3d 
1.40 
1.42 
1.45 
1.47 
1.48 
1.57 
1*56 
The peroeatage of oartMn dicodLid* wa* detendned in 51 «ea|^e* 
ttm reMlts sboMKl the peroentage to YA17 An»a 0.00 - 0.39 in 48 
•M||0«a ani 1.18 •» 2.60 in 3 aMpdee. The Mi^r percentage in them 
3 eaaplee i s due to the jHweenoe of <»al<dte filling the el«at planes 
endi ermeke aa obwMnred vuOmr tranraltted l i ^ . 
The anemnt of sulphur in the Raniganj amnmum ooals vangss 
(68) 
froa 0.12 - O.aeeC lo 5t awBpl*a. A» tii« |Mre»nfeag« (»f Mlpinr in 
tlMiM eoale dost not flousewi t3S« It ean bi Ine^ nKI that the tm^r portion 
or lAolA of i t {ffobabJljr tuM an oxsanio origin. 
As th« OAYtoon (tioBCido and atOpliar oi»A«nt8 in tho coals of botb 
tut aoaauvs aro mry low, thoao ooala oanaot b« diffonntiatod on 
iho basis of theea oontoiAs. 
T8XS mxxm AMU^I^ 
f 6 thin aootioits of ooalt 5 f vtm t ^ Barakur asaiAinsa and } f 
froa tbs Hanlganj MMwroa^  were waainsdi in transaittod l i # t in 
oxdtor to {Istandns <iaalitativ«ljr and qiaaiifeitativsljr tho {Hroportiona 
of thtt r&rimia adero-aomAitumsts. Tht B&exo~oo«ititUfaii^ 9 dotoxwlnsd 
mam ( l) iiltraia» (2) darain« (3) vitrUfaaain and (4) fusain. 
7 to 10 punillol tranaaots ifsro amde aemaa «a(^ thin aaotion and tha 
iisajfaratasniB wez« iraoordad vdth th« halp of a iJita six spindls ^ s -
ia(N^(rating atoga. FurthoPf tha proportions of tha various adeco-
oonstitiisnts in duraias mmly vitrain» vitri-ftsaain, opaqua aattar« 
adnaral oattar* >^oz«8 «to., Mifo aiadlaxO/ aaasurad. All tha aaaiUJpa-
aan s^ vara latar ealeulatad on paroantaga baala. Tabla $ ahowa tha 
patxographio ooaqposition andl iroocinata analgnda of tha aaa^ >laa axasdnad. 


m) 
QOftlSf nfi)raft«it«l ligr the hlskiatraas Hos. t*->|^ aarkaday dUtars from 
l^ hat of %h0 Bbuiigaaj nNura t^ OOSJUI - tdstcHErsas New. 4^l6** tim 
propoftions of vtiri-^fyaaia iMdl fuwada am gr««t«r l a tha Bai^ Ucar 
oMaaar* ooals aa ooi^jankl to ^ « ooala of tha Raaigeiij MMunrea. Tba 
fXPopoHlima of -vi&nln banda as« gnMtar la tha BafrijinJ aaanora 
ooala. JF i^xthar, t^ aacmnfe adf vltri-f^UMla ia gjevAw tJiaa titat of 
f^ UMla in *i» BarakttT NMWwam ooala idhanaa fttaala gwiorally doidnKMw 
litri-f^iaalB in tNi ftanlciii;) aaaaaBi eoala. 
i l < . V|^ » f^  • f6^ timm an owvtXL paixt^ Erasdilo eoMpoaltion «C 
thasa eoals. 23k la aa«s thai tiM total aaottat of vltxiala la tba Baalf* 
§m$ wmmuf Mala la sanwpally abova 50^ aad laaa then thla flgiix^a l a 
IdMi BttfibkMf WKKUK^Ptt ooala* 
A3Alioc«h ttia a&0fv»«BO]4o aaalyaaa of thasa aai^laa ava m e3Ma 
•iffiwui^ triltii tha {Mtrottttana «Kf airti« imlatHaa, a|»«(r. andl oaljxriflo 
iRi3jaaa» tha inuplatlon la %im lolaturaA oc^ ldqg {KTOiNKPtyn ato. 0usae/tk 
ba ai^Ialaod dbUhMtl^ f tvm aaQh al»aarv»tloas. F<» <«a^pla« tha aaaiiXa 
G| liaa a B.S. Smll l i« %>« of ^ and tha raat of tha Bamlctr ataattifa 
WMplaa ihow B,S. SutUlag Ho. t^  and a l l tha 11 aaiq»l«i fn>a tba 
KanitanJ wasiarao ^ not oalm idk a l l . But «IM» om muMjom tha dl»» 
tilbntlon of t)ia irsjfloua aloxtKOoaatltUintaf i t baooata olaar tliat iM 
thoaa 3 Barakar aaq^a tJHa mount of idtvala ia aoai^aratiyalgr laaawr} 
(70) 
tlie pgoportionm of vitrl-fUBaliai «ixi fusAin art hi.0mr And tbe tamtxet 
of aponsy toads aait«r • t e . Is «>a|»araUlv»ljr l«s9«r. This indloatcs 
lltat foolors iMoh tend U> d«tefio]iiiit« t!^ oakii^ propttty mem Xtaavr 
in aaowfb and BWOVOA for the eoldng property of tlw B«nikar B»a0ur« 
•oftla, Tim tAifimr htatin^ iraltws of the BareJc&r neasur* ooals tarn 
thus aaovibad to th« hlghar parwntagaa of vitrl»fusalo« fUsaln and 
Xaaaar aootinta of vitraln aod spores. Th» paroat^ages of n l » x ^ 
Matter ealeulatad tvm the patre^prapbio data have been found to ba 
lower than the aah vaXuea olAalned from indjiamtli^ the eoala% Thla 
la pix^ MhljT due to the foXlonlhg faotoras* 
t. The ptroentages of the vaxiaoM •l<m>-ooiii^tuente 
mem oaXeulated Irmapeotlve of their ap* gr. The ap. gr. of the 
idnar«X laatter being higher than of other ooal offlMtltuenka, and 
taking Into ootislderatloa %im respective areas eovered bf ti» ooal 
eonstltttanta Inoliidlng nlaaral iaatter» the peroetitage v^xisa ao 
•htalned ^ aot represent their {wopoitlons Isgr « a l ^ . 
Z, ^amm pxoportlon <^  very finely dlvldwl taLner&l natter 
isAimeAmly nixad up la the opaqae groand-aaae and thm isimxmtA sdUieral 
natter In the j^ Lant tlaaoes* 
3 , The general tentonejr of a ooal petrographer to select 
unoraoked or less erBOtod portion tnm a block of ooal for preparli^ 
(70 
tMJt mictions and uo&ng tha mat tor ohvadoaX analLjrala. Xkm to tiw 
irtjMrBl B»tt«r oft«ci p»a*nt in tb« ofiaksii hlj^jc aah irala0» am 
obtaiatd. 
Tlw AKRicanj WAOurtt eoals jf!U14 gx«at«r aMcntata of volatllt 
otii*!* aa the proportitma of vitx«in banda aix) ifcilps and iqpor«a am 
t&fiMX' in thaaa eoals in ooainrlaem to tlMi Barakar aaaaum coala. 
Soi^ <soB|Miri8<m is wpsikituSBiXB to tbe eoal a*ani oS om «oalli«M and 
of th« oMBa ipK>20gioal ajp» and rsaak. 
This prt3ialnaX7 atudjr etucnm that the iopacA of tha ooal typM 
on thair ohaaieal «^ b«ntot«ro i s aotaioi^hy and a&«uroi»opie exaoination 
of a ooal affoxijs oonaidoniblA inforaatioa n^axdii^ i t s oJnaiaaX 
oharaotara althoui^ not to an abaoluto da r^aa of aooura^. Tbt iiiwMttfri 
c^ tuuroottfim of a ooal rtprtaant ite r&ak» l^ ie variotta ulero-oonetituenta 
in a eoal s&g^ imfn ««q^r«d diffwmnt raak, ttm eolour atimm of 
the ^nxiowt oeaiAituants^ aa aaan in tf^nsaittad light* ia not a 
ctofinLta <nlt«rU for rank dstontAnaticm aa tha thiokneaa of tha 
•action o^Axola to a gro&t aaitant the ixAmmit^ of oolour. fhua, 
in ganaral, tte ooxralaticm of thin aaotlon analysia tdth tha ohftKloaX 
ooiatiiiitioti of a ooal ia parsdaaible Mban ooala of ainHar rank* a§a 
•wi froa tha aaa» ooalliald ara tnJean into eonaldarvtion* In tha «a«i 
of tha EaniganJ ooalflaM* tho ooala are bitualnoua in ratdc and of 
Panlan ago. Umw thla tj^ po of eorroXation ia f«aaiid>la to aona 
m) 
A t tu^ of nam Inii&n oofOe tdth q?Mi&l ref«i«no« to tiMlr 
©oldng propaztisa wis aaOm Ijy SonU «i, «1 (I935)r «»•«• w^hors 
o1i»«rv«d thai eontraxj to ttw i^rop^aa ooiil*, •vtn the H&niganj 
M&«ur* ooaU luivirig OOM than 409^  voXatiJUi ttd^tttr (d.«.f.) yi^ Xted 
good coin in A Xdsox t^ory orudUii»l« <l«t«xi8infitloii. Th* nnmn for 
thalr ooldng ability has be«n asoritoed by tbsaa auttors to dopant an 
tho Bttta and OaaMaj eonatitoAnts found in graatar ^oaatitlaa in 
thasa ooaXs In aplta c^ thaJUr high 'volatila oontants. 
A vwffiaw dt yia ofaarileal imrastigation of tba BAolgaaJ eoala^ 
61 saoplas fnm tha Haaigi^ leaafluras and 41 fron tha Baxuk&r naasvixvay 
ean only liMd. to a ganavaX aaipavlaon aa f<^ JIoiiai~ 
' " • I ' l i j * 
2, felatilaa (d.a.f.) 
Ooaia 
0.64 - ZM% 
Zl.%^ " 35.02 % 
Raniganj NMatixv 
CoaXa 
2.25 - a.28j( 
28.8d > 42.0? % 
(GontinKMd) 
eontlnatdt-
(73) 
3. M) 
4. Calorlflo VaXtM 
Coal* 
RaidgailJ ilMunir* 
OomXm 
awi9- 14301 
5- Coidi« pr^ iMyty All 8aa|>a«« eoltt 
6. B.S. Sifillli« 
Huolser 
7. Sp.gr. 
to. Colour «if tito 
» - 9 
t . 3 3 - v,63 
X4ras toftn t JS 
Less h^an 1 ^ 
GoopuMtiwIy 
darter 
Gmerally Loir 
9 ^ - 13059 
KiJcMlty of aaaplAs 
do not ool» 
f > 2 ^ 
1.35- 1.57 
LiM titan 1 ^ 
Lias Uian 1 jC 
OMiwratlvaly 
Ul^tar. 
rroan thM sbw OMfiariaon It la avldttat that the oaytKm 
dloKida and au3j]bur oootwits do not rava&l any dlffaranoe at all» but 
othior ahanMtwra ara aaflMdV dlltarant. The 8K»lat\i)ni and wlatlla 
eontants ara 2aw»r in tha Barak^ ir avasura ooala. Gotmmg^mi^Jkf, tha 
lixad oarlxm baii^ id.t^a»r, tha Barakor aaawira eoola jfiaM graatM? 
aaoiuit of haat. 
McAaturat 
Tfaa aolatura oontaixt in tha Baraicar aaaaum ooala rangaa froa 
0.84 - 2.68^ aMLla tha ooala of tha RanLganj aaaaoraa cmntain 2.25-8.:^ 
fioao^ 
f^5«o 
o o 
^ X o o 
o o o 
s; 
S 
9 
m 
/3S0O 
/3000L 
55 
X. 
60 6S 7o 
r/xeo C/?4>JSOA/ Cac.<7./.)y^ 
X. 
75 Po 
f/G 20-
(74) 
nolaturt. Fig. 5 ti*»v» m ntmx'lai)l» d«oi«MMi In Vam aaialiim aont«at 
Milli teplh. )toT9Qvmr, th* oolsturo <»nt«ilt in %im Barakar aM»«8ur* 
Qoals (io«« not «X8«fl(i ov«r 3^ aivi the Ranlganj asaaurs ooals* In aU 
CUMM, oontaln nalatom blgher than 3$, r»a<Mi« oven v^o 8.2^. 
Xn ^M Barakar maoura eoals> ^le volatllAs ranga ttom 22.15 •* 
35*02^* ft ranea dacddtodljr Itrnvr in eooparlson to th« ooaXa of tha 
Saniganj aeaaima having voXatiloa 28.dd - 42.07^. ConM(|UAnti9'f the 
Barakar oaasora eoala oontain gr«at«r aaounts of fiaotd oarlwn (64»9!3 " 
77>d^ d.a*f*) and th« RanlgaiiJ asasura eoaXa hava a (Moparatlvaly 
Icnwr mung* (57*^ » 7t*l2^ d.a.f.) of fiinid oavtoon. 
Oaa to tha highar paxtmnkaipi of flxad oarbon, tha Baraicar 
asaAiro ooals ytald graatar anawA of haat aa thair ealorifio iralJiMi 
raagftB tfom 8^ 19 - 14301 B.TIi.U.^.(aa d«taniln»d)» idharaaa tha 
Ban&gan;) wastura eoala hava a Xowr rang* - 9$?4 - 13059 B.Th.U./U>, 
(aa datandnad). Pig. 20« in nhidi tha oalozlfio vaXuaa of tha BaodU-
faQj ooala are plottad ag^Uiat the parcentagee of fixad OBi%e«if riiowi 
tha Barakar Miawora ooala to ooovqpj a augparior portion. 
(75) 
iMrly all th« B»r&k&r msftsure eoals posMss ooklng ability* 
tht ootos olAaimd Svtm th* lalkxtUi^  ffiwuiir and (%aii^ i>*B4Hpuil« 
Mam am «a(o«llQjtt aatalluzilo*! ootos. Xn ih« eaaa of tha Rai^ 
fuiji aEMiaux<e ooals* cxoapt th« Olaimi^tlii and SancrtMixl&>{^ nlati wmang 
mil tha » a t axv •ltli«r MMtkly eaklng o^ r aon^oaklng. Tim B«3. 
Snalllng iit>. varias fros 1 - 9 and 1 •» ;;^  f^c tha B«jfskar and RanL<anj 
•n»u« oo&ls ra^paotlvaly. tioiB tha Barakar aaaatuw OOB18» 9pa<d«12y 
tha Uiladih, Rttinagar and Cbanoto-B^uniji aaaaa ai« highly aualling in 
natonii a diaraotar vary tisaf^l for bXanding pui^aaa. 
Xn tha aMtam past of tha ooslflald, tha SMIA aMa a^ ppaant 
at dlallar horiaona aa Ute Oiahergarh aaaat in ^ o wstam past, but 
faila to ylaM a «ilG«. Siaiilarly the Pemiati aa«aa la aaan to hava 
loat ita coking ebility in tha ftftat^Ri parta; ita laiatwrljr acioivalant 
tha Sanetorla aaan and a pcotion of thla ae&K in tha oiddXa part of tha 
oofilAald» jdalda rtay good «N^ taa. 7)«ta tija ooidng ooala of tha Rani-
giAj eoalflaid ara looatad in the waatam part of tha ooalflald «xtaad-» 
lag iipto tha adddla pert but none in tha aeatam pnrt. It haa bean 
pointed out ear:U,ar that tha ovarbtURton dlMjulshaa towarde ta^, IMe 
feator together with 8oo» differeiMes duirii^  tha biooheedoid atage 
&t deoay aeen to explain the ei»ee. 
BertaMits (t950) observed that tlM midiig propMty of the 
Britlah and CoaaDnMe»11^  ooale does not depend on rwak nor xtpon the 
(76) 
poroportion of «aeti«etabl« nR,tt«r timj eotttain. ]^ Mit*ad» \m 6»tLim9 
eaking «9&U la tmnm of their alxMirlad oAtAvan oontcn^ (le«a than 
3.5^). Earlier, this author (l%9* p. 101} otatwl that th« oo)dU« 
ooaXa posaasQ alnlBi«ft pcotiaity aol tha aoftanlng and thanaaX SMallltic 
dapmd on tha mMJSXf of aieallaa ant to the pora atnietura r»Bpaotlv«ljr« 
2n tha CUUM of tha Rmidlganj ooaXa, It haa haan obaarvad tha:b 
tha ooklng ooala* fron althar aaaauras, slwi^ ham a IOM solatura 
ewotant not ajccwadlng k»25^» Vm Saala and P(silatl aaassa oontaln 
flR^atura hlghar than 4*21^ and fal l io jrlaM a oalot. 
GM (I960* p. S36) obaarvad that tha eakli% propartlaa of tha 
BasLganJ ^als ara ralatad to thidr ooQu^ n oontant. Rla ai^ partaacfta 
r«v«aXad t ^ hard ooklng ooala of tha Barakar aMaauraa to ba ralatlvaly 
low In OMyifgBn oorttmt - laaa than fl^ (d.a.f.) - and tha non>oakli^  or 
poorljr caking Ranlgaa^  aeiaaare ooala oois&aln 9*5 "• 11*0QS( oacygan 
(d.a.f .) . 
Aeoordli% to Franola (1954* p. 93k) tha aMUty of a wuCL to 
aofUm and swaU ondwr the aotlon of heat varlaa «dLth rac^. ThU 
•ttthor (potea (p. 525) the view c^ W. Hl»t tha^ t}Mi variation of ooal 
propertlea with rax^ la due to the idiape of tha adoelXa> that of a 
ooklng ooaX btdng n^ptrded of a relatlvaljr 8laq;>le i^ iape» iMlat 
reduotlcm In agglutinating poMr la attributed to ntoellaa of oore 
0Q^ ;>IaK ahape that aay fwu rigid Interlooidlng pattema. Fransla 
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tlMi ife i s not SMMaMiy to ]po^'aitA» tlifti tb* bMiiar 
OMlnl wmr te 9f ir«f]rii« dugrw of ooapljartty* GOIKIQK OMIA* «<ilolt 
bMow imUtliniajr fl»i^ lAftn lw«b«d« mtf oontala idlooU«r inolffi oT 
Ml«Alvajr iiiiv3L« «bftp«« ao tlMlt * ttomddinbXt dfgfoo of infeoi^ 
Hw aitt2«i Mar te pM U^jf Swfcortlwiwwl to fiskxw a patttm tlMt mjr)» 
twfrwljffOiBidi to on liwpiwiti^ diff^ Pto* 
SfKBEmmUmtJOUtStoBtr 
MaaMmt aotONQrtlqr dlffftxvnoo ! • tlM lildior v»2ni of gp. gr. 
of tlM StnLiMij MMuntio «o«]Ui. Tim qpMdJlo frsMLly of t ^ Santar 
•MUHUW OOAXO Cttn^ Mi fion 1,33 • \,0 vA t.35 «* 1*57 HEMT tlw ooaXo 
oMMflt of Mitt t te B«rakar «NUKue« ooalo h««« • Jomr &p* ir* Povnar 
<1929» ?• <Bi6) MCitoo tliat tbo apoolflo graivltjr of v i tn l i i oliaiiU 
iasfOMO vildi iteptli nolMf o load of ooiMffiLiMnHlMMlt otwto cni •Mooato 
thil^ tMa Mor te tfua to tlM iiffavoaooa i a ttia ea«)illtii»»t «tf oviKliu^ 
4apoaltlem, 
Qa« <I932» p, a62) irt^ ftoa tiutt tha asiatttro oonUn* of a aoal# 
i^oft from hygroaaopAe «oUiiiro« lyfMMera to bo in oo1,l(»i4aX oaaoaloo 
tloB lAtk Vim «Nt37 aatoatoaoa. In ooiiMK|iai)oo of tii&a« aeoia of Ujfik 
mAa^i^X9 aoatoefe twvo • btglMr aiMMifla 0ra»lt|r f^iao aiflllar OMSJI of 
\ - \ o ^ 
at) 
wriMji oondynteA t^ M.% witlMKr la ijattmlMii irrtfiffi for ttit ttoft tint mit Ion ttt 
MMMUM* tito tfwi dvBMUjr of aoal« iMwrldad tiMqr mm t^UvqfuMlj 
io IMNP thi dmai%7 of ooal di««NMUMa M tte Mftem pamaiiUNKii iasMMMMM 
fwm ao to 90^ • » ! ttea iaw«MM npU]y atoaf« 9(tf ttiilMm. 
OttUnafaf and Pancoaa £t95t) laiitaiiml 1*ha danaltiaa of aoala 
obaaahnid an tnawaaa la dfmidty M 1 ^ raxk, IBmy ohwmtnA thai tte 
I 
valxiaa aaaaaMd eitherin htllttM or wtar iprva tlia aaaa gaaaral piotaw 
«t %im ralatloB tetaaao nude and imuA%yr, 
MiltaIflMKi990,p.3$)Mrit«a that tha laoraaaa In daaaltjr of tha 
bl|^ floiittira ooala la pnb»^ ism to tlM aaooat of oaqnpMft iUi than. 
Hng A MUklaa (aaa Pranola^ t9S^, p. 512) aaloiaad^ ad tl» 
prnfoaeii^mm of |oraa In a tmoAmr of Bv l t l^ ooaXa of dUffarusit ttak 
ani t^Ni and obaarvad a bt|^ di^ ppaa of poroaltjr In low mak ooala« 
Mtidiii pMPoalty to ooour n^  idiottb 99$ moAna and pmioiinoad InanMaa 
In pMtNdtjf towifida aatlffMltla aoala. Tbm luNmrnt inlitifipt of a 
aoal dapaato upon tiia aqptUHMritiai aataiaiiliad bataaan tha adao>ytloit 
(ff) 
t«lili« piMHi idiliLa tkm ports «ed tlui yn^aar pfmmxm of tim mmfwuA^ 
Bmi^fimm {mm fnml($» tfSk, 9* $S^) Mndbiwip tho prootM of 
ooiliflMlion to iBO om of i^iMP»il«« aiidLlor to %la^ of tho ogim 
of o I^ NH^ lar I^ Mnwl f t l . dwdi golo boocMW aort ooapoet^  Hmowi Mdi 
iENp»3. «nMiM of tiht 3i(|aid. aooi «ad iMraoamw «1A tldo I^ OOOM* 
flit aaiittim tmppod in ^» ofiftooo twtnooii tiw iid^ gtol2«r 9«i!ti«S«« of 
oool im, ibtvofovvy « wmumn of tiio ifcoi^ of gyrniyoolo rmMAMMl. 
Grwvol^ fi (t96t» p. t29) vvltos tluft ttoo op. sr* of oool la 
«gl«r lo «ffMlodl br ^^ ppootnso or idiooiiM of polar ciwupg la tte 
oool. WL» oooonnbo fmr tho fooi %kA low nuAE OOKIJI - l^ L#or ia 
mmm owil«at « luno o rol^ ULvoljr iiigl^  ^p. fr. la MgUr» ia eoatnuA 
to tlio htili rwdt ooolo. 
tlM lil#or ^ . gr. of tho Ronlgoaj mtrntmrn ooalo «MUI bo MOVDMA 
aoiiOy to tbiir lil#wr aalotBro eondtoAt. GoaaUtoilag ttMdr lonor 
9tak M ooaporod to tte B«nlc«r awftiraro oe«Ia« It ooa bo infurodl ^tot 
thtr poaoooo ffoator poroolty* Su^ poroo or oap&llarloo aigr ooatoia 
ttljhor fittdititioo of ooadMMOdi wtor «• a rooitlt of iM.9k tAnAr op. gr. 
i s b i i^r tbaa of tiM IOM poroao Banlcar mutmm ooalo. 1%o »«»> 
firidiv liiaraotor ttf tfao aa^ cMrlty of tarn Baniganjl MNuraro ooalo^laiioating 
Mt^me otKiion ooaboat^  aar lio ttwtlitr faotor ro^ RNu&lilo foatiwir higfmat 
( » ) 
Bttndtttf 
•SMWPii ffffi|llli> 
«M1JI» «>«t27 ovkliv* 
TfCMi Ti^ bliMi 3 & 4 It m ^ u n U i ^ th« •&joiitj of %im fygAf 
Urn BtaitMj aMMT* «>«1« pcodiimi 3i«Mt |d«k •jah ilimf«M 4idA gngr 
Md hrvm oolovuMi M ^ i s «om oiiftfMlMHfliilo of tlit Bamlttr MMWM 
ooftl*. flw iMfr ffiid nddairin iio3oiar of yw anli i s 8tmr»Xl^ vomlOfimA 
4xm to tho jj^ viKMocMi of iron iqnltos an! wmas^nmrn* Boy (t9M)ft) M4O 
ft MitioikL stu^jr oMT Mat imiftn «o«X Mihoo ud obaorvod tiuit ilio ooXoiv 
of tiM ftilMift oi tho ^feavia <K»ftXt vafioa fvon iliito to gjtmf lialtm audi 
tha Banttanj ooala fimid dndSH^ pn^ " to tnaff oolAimd ai^. Thia MUMMP 
iffitoa titat tba at i ikim variation in tiM OOXOMHT of ^la MIHM of tlisao 
omOa luKving aiWMrtoaHy idmiimU. idynafal intt«ir» oaanot te foUljr i** 
difWit yalationahlp oaii bo oatablii^iad lMit«oan iim oolour of tHam aidh 
%fiiH jtta lAtaaAoaX ooafioiditioii* 
msaxmopMi mm OP tm usmam 0003 
MM tKOsnixiotd of tim eri&nle arigin of ooaX« i t MM msrS^ at^ fMf>» 
lafcor ia t69l Mboa MItlsaM ( M « ThiMMn, t ^ b , p, 3 j pnpuptA a, %ii$M 
MM i^on of QoaL for t ^ flrwt t i a i and lllttatr«t»«d a ocHifttMid 
•oUttlar •tnisturo. la tfl03t « laxVi maltmr of ooalo «•»« omrtwrt 
^ ifcittoa («•• ttUirting, 1996^ p. 243). studios of ooal ia troaMlttoA 
l i ^ MOM Mdkiy in tho oaba«<|iMR:ife yoars, bgr Llidc» tfl08} BogBMm, 
l i U i SetmlMt t855i OttMon, fd59» lflS4{ Hnliir* f07O| FKMqr, 1879} 
HUUMMoa, 1881 «aci Qambtl, 1889 (MO fiiioo«m, t9^, pp. 2 - to) 
Md oXX <tf titoa oftagOJuclod tibftt tho obt«rfodi ooUnlar otxwrtwos MHO 
80fivod ffoa wood. 
Pa^ bonio in 1906 olaniflod OOAIO iato tmaoMi oapcoptUio and 
HptoMoUthio typoo Monrdiag to thoir aodo <tf orifta* JMtvvr 
dmriowl a amr to«imLe|M for oootimiag ooal idtli a adUnKAoai ia 1910 
(•2) 
•nl dttrini f9tVt5 VMogaiMd eluuraoaX^  IScaltold ftot o«aMl0l4 Igrp** 
fkf <KHbL* Milt* aodi tli|««tMKi in t9l4 obMiVfwi «ewl to te «>^ poMdi 
itf teigtofb AoA 4ialX l«|«r»f tte toanmr dtrltad I'loa irtMRM* tides MA 
lomst (t91t) <w;pUtin»l t ^ vfeillty ttf atovoMosdlo wlnstlfflW 
of ooal in <»yii«r to diioraliw Uxi iallaMHtblt omiirt^tutats ]»«««* 
in i t . 
)ii«)aii« (1916, 1917) elkMrvod tbgt tho mbstaiM fiUltd 
inddo tlw M U oaifitiM difl^vwt ixom tteir <»4jti>a*3L «ont«eit«. 1%» 
3JU|tiiA"4M(M(positiott fcodtaots of otter vogototioa ptaumA o««oti«ol2jr 
tliro«#i tlM aoil wolXo satttaraiftlj^  tho t^iuat l^ niipMit*. 
atopoo (1919) dooigastod l^o four viniblo iogmdiocfcs IA 
Biltiati bftodod tait«Hinoti8 oo«l ae *fitViiiiP» ^^ OlandnP, "Oiirtiii" tad 
*'Pi»oia .^ ThiooMm (1^20 )^^  In Aa»4oo» pvofiffftd to ««• tho torao 
''hAimm^ltmBf* mid *'AMurit«o* isw In&i^ t UBA doll iMinIo of <MMtl nMP» 
pootivoljr. 
Stgr2*r (1926) poiiiAod out thot ttm ojwtoiio of nwwwiolotwfo 
adoptod br 9t^oo (1919) ood Tliloooon (t9ao^)ooM mAXmi^r difitepont 
OS tl» fsoraor MOO boood OR Ii^io2ogio*I tonoi liilUi tlw latter on 
teimilooX t«nu. Tltiaoaon and Fyoaoio (1929) oorvtXotod tho MKoeo/gmm 
ond Annrioon toraa oonoiiAljig tlMt v i tn ia Jji IONI M aoltnaqrJUei 
olo^oiii oqoiToSoHt to ifttyitoo} dMuroiik haeviog no oooatorpait la 
(«3) 
Mtufch^y IM OMUL* 
of ^M *iDa(ar vislibl* iagn4imat9 of ooal* itenid bo «Mte :iet ocOlatei-
idlwiifjti «af f^ uHda wgr bo •Jufcalii for OIMMIA* 
% Aeoofdiqg to StopM Cf9f9» j ^ . 4B0-81) vitraln i s ••iwiilUtljr 
twawlaatnt and stinMlitmaJtM. BtfX&or, ^olcUqi <f9t7) «iad ajiiort 
immmm (1920^ 1935); F t^oiduo }9ai» 1936 ; OapdrciMi (I936)s 
TlilmMOfi aaA S|maiilc (t93l» 1995) moA ai«kUi« aaft tturahaH (t932» 
1933) <to««niMd utoijljr praMi»f«d •trootanNi in vitndn* Fmi^r, 
jil«R»«tottat«r»» in v i tnda mmt mXm dmMraitett l!f«Hi foliabud Mrfa«M 
liar Sniaa* Slaltor mA MMwltr (1929)« In «im« of tHia ooafusloB 
Sfbasmm (193$) wwfimnA IMOT fonMr olMWrtfioKtioo 1^ tm^/brixAXng tho «»• 
of tim MOKIior t4HPMi to *ao<dc f>imi* and latrodoood i^taMoml' auMo 
t o tlw vaviotts prtpfoli^^lttal oaita of ooal memowddx^ to t t e i r origin. 
mM albovtt prc^ poNMl. «•« aoooitod at ttia HOHTIIMI Gon£or»aeo» bald in 
1935* « 4 ^ ooM* •odiflgatlona (aoo Jbnginaa et . al.» 1936» {ip. 14-15) 
OidiiK to tha diffioiilty in pn^arfng tliia aootiowt of tiifli 
rwak ooaXa^  Utntor (t9S^)» in Qaroaagr* 4««ioad a mm toQtaal<|w of 
ooal gw^ratlow ligp otoM^ tlw po^HtdmA aarfaoaa of ooal idth 
v ^ P ^ ^ w Wi^^^W ^ ^ ^ I f Wlp|pi V'-^i^WPv 
im 
StAmSUm** aoSMtlao* 7tii« ntw iMiilioil ptamA w&rf nacfal itxp muaAnUfi^ 
ant d lMownd tiw pvaatae* c»r th» prUmiptX ImaiaA ct»utUi$xmvAm l a 
aii<^K«^t« a« M i l l . SiadUar i««a^a utra iM>aimA bar !Nrau> MSI 
BaaiaU 0^3) aad Tanaar (1925). S^Jar ( t ? ^ ) foani a Mlxt^ iara at 
atHnmia aad aa]^ ?faMdo aai4a to glva liaitar i«aalta tlMa &aiia3xa*a 
aol^ otJUm. SmMukk {i9S9) iafexoduatd tlia turn o£ f feral ln for al^ diiiaif 
«»al awrfaeaa* 
aueb aad iSMOMeia (193?) i^fOiad t te aatliod oT nOlaf ^ l i a l ^ 
tag tqr l i i i i ^ l!kUMi&a i» aaaUy teaaro«fe«d fsraa irH^mia ^te to i ta 
SE^fiwa aad JMknar ( t 9 » ) aMaarad tba Aiag^m ^ oallfiaafctan, 
«ati« 4iy 2aai» of a aoiAiar of v l t ca iu and ailMMnnnid VMkt latflMtaaaa 
to iaoMMaa pragvtaalvaljr idth iraak. 
liMMNhUa Tlilaaaaa aad ^pnaAi (19^5) eXaaaiiiad ooala lAa 
* a H # * aaal*» 'Stal^iviLlat* and «SpliJA* mtfiafciaa. T&a <Bfi|^« 
aoal aaa tm^iMSt dlvidtad iato taala aoal* niiira rliih aoal* xaaiasaa 
aoal aad 2aaf wmL* Tbm tSotmt aatJioni (fS06) dMnmtnKfead tfaa a r l i ^ 
tiia itlMnligrifeiaa of tha aaU aaUa ^ U » aood tnalHiita. 
MKniluai ( f % l ) aoapacad ttia adosmd^fw^ana of tlia BvUlA 
im) 
olwjpml tin* tlw tf^raBtaral details moA thtijt aodM oT ptMnrffit-
Ux» imra IdmUoal «ai ifMNnr paft« of ili« •mUanagOMi of tte 
^ i r lom ooftls nar* dadvid fkwi o^tiMl. U M O M af tte lioopocte 
M lA tlw ]te<Stlab «Ma«. SarJi«r» TUyaMtta (t9ao^iuMl abom 
jqrSon to tmm «felx«3j dnrtwad fxwi ma^ tiaauaa* I M * UiUKt, Thiessen & 
Francis (193?) M l flOiMaMi aaS ^ratft <f93t« tS95) oliKitml aefehM-
JigiSaii d«Elvad f»ai bark • • tmU,, tet ast to tlia aatibMt a« f«o« mod. 
CMy (t9i»2) ppopoaad a ant tana *?l^ gt«na.* to drndfaoeta Ust 
plaat fimai or foaidla ia ooaila. Sto |«^ pmMid l^ w torn *HU»o-dnrala* 
l\ov tbia vltiyLi^lilpt iMUHts toA '<1an> iilafalu' for ooals Intioraallala 
idaKala anl dnnda* 
Waniiaiihawf (I99>) ad^ pitod a mu^t mln olaaaifloattffln of 
^v-^^ma4a'^v "ai^B^i"a^^" ^^w* ^^^^^wa «ia^Bva ^^a^ <^aoiMa^*ap'ai^wap ^^^^^^i^a^^Pw^ o F^g^ F ^ ^0 ^Hia^ww ^^w^^^ SI^^BW* ^^W^W^^F^BH^^^^^ 
of vitllidto «Bd flfaqpMi an^tor. Ha vaoqfnlaad f l ia iMMRal VMia4tea 
^ teviti ooals via. , •tel<lil'-ooal'» 'aaad^'laii^S 'idUvaadtiatoS 
' •^1 ifiilT aoal and "dull** coal. 
Saylar, «i» aaa faoli« difftoiOtloa tdth dxy laaaoa tdiilo 
oMUMEFias tlio mf^ MAMaHi of ooaXji ttpliod tlio ww of o i l liarriiwi 
Ima ia tf37 ( M O Sor^ar* 19^3, p. t37). lio fooai tiwt tfaa vaiia^iaa 
ia f«f2aotaaBO wao aot oantitaOTita aai a liaaar faastioa of n A as 
tegr aaffaaa aad iTaninnar (I939)« 
(a6) 
•mil aa& tlM ««• of JbaMffn^Uiig idmrnieosiLe flUit for ^BMfeitife4v» 
anaVwt, 3«ar3«r (1952) olMMfviil « ib«|MiiMi MflMUaMi aiHo «», 9 
111 CwriMgr (f9ib9) dim^b^ptd « ttuteAsfm of fnailntfn «HIX 
mAtmmir ^^^ nq^ it^ UUM fUai ^ fiEHWr»r» Bjr tMs Mdind dMkdUs of 
S^2«r*« t^»0C7 of wmilmttsBfm IMS M^HRI <ni9«MNd trem wmxfr 
ifmg%ma* ito Otfim^ (1952) aol^ietd & «»ftdnw»Mi IUCSPMM in XK^ntodttMi 
iatec. tte ««ridldLltt>jr of titw yi^ !!nMiii»» ijidteK ngr b* tei fco tii» 
BMNMNMnr cNT flMoraNMO^ftdi i*MSjii:Ui pwrtiffrttfig t>lMi vHtfrttttt-n bwadUi oM 
•MMcUy lioM to «fa» «aijwil.isity of t ^ «ltxlBlt#« Tlii aaiMifen^to 
offooiMi tfo flcnllWtod ligr tlw iwUghwt tnrfimni «t rigut Mg2*o to 
t t e <fewabifi«tlffltt| t«rfauMM panOJitl to t t e gtntifttt^ioii ha^a^t 
tibem laqt «B&M4vi^ pgr. TIIMO mset^»o»m (|». 96) i« l t« tlMI> "linn mmmm* 
iqg tnuwngnMljr to tlw titUtAlfUttSuixm^ i t idLll bo mnmmiKf to ayi i i t 
lootoaeoi oaSgr lijf ib t^^ g oo ooasSjBtofltljf foar olX «|ywiaMis to i t 
(87) 
BfMObM* vxA tSom (1955) olMiirfid aoattnioits wriaftioii in 
• M l . Slnvr (1957) ts ^ tlii op&aiAii titub tiM v«riiti<m in wnM^aoM 
Aaang tli» n^^mrtMr* of S«grl«r'» tlMoiy « M N» Gnlloeb and 
StorlMk {t%9), StorJiM^ (t950» H d t e r ^ Ct952)* SigrlM' wft OModbn 
(1955). 
OMiteft awl Bool (1956) l a i i a i d n f iMUBM JUi ooaX cait»oal^ Mi 
fiEOM 100-900^ *aA twialwrtatf yaft th* toflM^Me* Is difvobly ivIiAsA 
to nh—iiiil aoapsift.tioo M A «2itos fias sbxtnttirs odT tlis «iwni saA 
i i i l l i i r «CftMts srs pvodassd ligr MUtecdMtlaii sai eoaUHstftiaa. 
dMiOm (1957) ao i^oad dlstinsit ««UQ«««914M in SONS solaivtinitss 
olatsinsa fvam difUMPsot gaolsgiosl pme^ Usds. 1 ^ aa«s sHtlia«' (1950^ ) 
•Mwtnsrtl ths affssK. of wMUisrlaK <Ht c^isal IHK |^MN(USS of «cwl ^ 
pv^ptfHjm flodUULMd Qosls in ths IdbcnnKb'Mqr s»i Ibmd thsfe tlv cwMnl 
wanTts »ngaratm tiw raflMiMoa of yia (flddisadi aoals fwwin 
Bnpfdiiig tlM fon^ioQ of aealy BigwaiiH ia ilia JPM^ tt99 
(aaa PIWM&S* t95l^ » p« lAJ) l^ ewini'*•—«* ^ « AawsL and baetarial afaaoisa 
(88) 
to fOvr • i K ^ 9»^ itt Um <lMOi908ltlcRi of plMoA stfoefettiWK io film 
« 'OBWtMwntaL i ^ U j * * PolMNil*<»t9Q& poSdtai out thai cMEtdhyrtraN* 
• M dt i l ru jy l MltMyivslsr bat msum, vm$3m vA ^porwi ar* liitatiBii 
tBiter Mtftrttlft flffwditiffnt. Mdt* (f908) iitimnxl Uutt {klaat agtaglal. 
I J I tnHMMNnMft iato «o«l I A t«a iMgrnii ( t ) Mcwtwwdwil or pmtk 
otago oBi {2} wtAMKttj^bUM (XT tfyiiMMKBteitfooX il&aigOa XolMiPf tldlo 
•ol^bar (IS!^) fooopdwil tfao i«p«rtaii«i of tlw dagrao of toKlaltjr of 
BOift maHp wtoni lUa OMfe4PB]L3jUig tba oxton^ to iiiiliri& oilMit onttoirial, 
I J I dooo^pMidl* AooopiUziK to hSM vaiy ^ft-^i^* doooHpn^tljaii toiGM 
ntooo 1A >«i|^^y tmc&o witamy oollniXiMNi I A rtantiap>wa<1 l a laao toKto 
i« liaoli waniiloao <tl«iqpiio«?» i n oMiibot iait«ni and I A MIXX 
•van 3i0niJB aloo HiwB^mrm* 
m XamSo far^or ($926, t937« 1938) ^ foTMtfd «a iakmm^^m 
timat of IMMM muiuung^ WMOtfoS. «tf dtoay. B> imigatiari (I92^« p. 203) 
n^!Mi of baatadoX 4o<wwpoottt<w took plMo» «Bil«r aUGiihliyna «nS oMarsMo 
iHWMlHii'tiiWfi uHthwf aa fT[*f'*! *iff xoof odT oloy pfoibaiuiA as • i M s l t of ^if^ 
anrahanflio iMitvaatt i^^ U^ oni ff*T41'i*t idUynP t^o aoStttS^Mo* la nBHwnifirt ft€ 
b U tlwacgr ha po^ioaA «r t i fS«UI ftuain i a ttao lalx»rat««3r IBgr teatatlal 
iaoeapialtioa c^ viiiatabla aviditor oalor M I allralino oovor. Tliis 
•Bilhnr (t!^SI^ p. 66) iatandaMl Vm | 0 valao o^ a w N w of coofo «^ 
MtMMliwma ooal aoaao aai sl»amid a liaqpi a idor^ / etf t^ HMi to Iw 
i&9) 
(I9as* p. 7t) tlM& tte roofs oeuM Mi^ay an itltollnit aBdia% inter 
^BpftWI" ^ |p ^iWBRjKli^W^^^^^^P ^iW(p i P M « ^ H i v ^iWBfc^^^l^iBiWl' ^•iffWW w ^K^iWHlP^Pi lwni^W* JpWfc^i^^pmniyw^^^^y ^^^^^W^WWWI^Wi^^iB^ J f c ' W B 
Xa %$tik Owtewi (0MI ami** t9S9, p* 3|6) ML&tWMS fanmift or bof 
f l r w fwvMM&bJyi jfor tlM iwuAiaa of faoadiu MMUMP ilcir imi 
baHA hf ^ifCngr (i9t5) t i» ooradUtaroA *^ Krti^ «r of Mttl" to wiprooont 
MDOd duunnd bgr llz«* Bote ( ts^) i» of ttui «^pljiioa t^esi f^uoiii 
fiXUk oamcA i>o fonMMt tgr <w1fffo«ttoo {VOOMO. I^T^ iiur (I9^> p- 234) 
olio>i¥iil IteooSii oad oiwpomii l>o iwwurffl- of %ho M M I ojitlMl nuimimf • 
•nil owHiAifawroil tMm an "i^ laoat ocwielimitwi •vSteneo of oeao ;^im of %tai 
Ml)&t« Cf908« p, 302) wgsoflfeo that olthMr partial. IU7 rot of 
Ute MBO^ wAtor anHHr aribaiarlal aoniMtion or %mi^;onry mxpamam to 
U M air aaatt aor* pvobablo faet(»«. tlila anttiar (t9ia5# iip. 21-32) 
(90) 
UMI MTfiMM «k Umm of lh« «a[p(N»tr» of Urn pMb. Ifead«r tHaoo elx>-
(iiiMit iiiinoii^  ^ho teodo flxvHiiiinilHoH imt t m' li^irmiiit u<1 Mid (brlMti <m 
ti l t ioarfWM of tbo jfijuak ftfigiMKdK «al $v«AMt«t thta AKMI tlw >iran»l 
p . 5?0) ipslrOi ^9>o ilMwIiO ol^  AuM&n o«i^otlE« %h» LMdnno of tlio 
nflnap iitmiiiMwiilliliiii of t t e i—•»»»» Myt rBnthahTT tAioa navtlAl. *«»"^ «^<»fc4«M» 
wrttn 39lJ3ig f l a t OB %kim utmtA^ wurm bweiM aUvo «ai» IwCsiro tlMgr 
titironittiiininoi rtomy H M |C<9MbOijr wogjf olow ttad f^i^;! wwo oasoliidod 
SfeMli (1937) 0lMt4Mi thtt^ ^agimg th» offifMNnikloa of t t e pMI;^  
I^ RMi jp^ Uusfe iifiOffii.1 lihdlohit ofl^^ oonPMPiioa ia to pMflty UMI oov<HNid 1^ 
(91) 
MoUliSaai. 1M* wifelier mppoct* M« SMMIA tugrlifK* la Mgring UM^ 
^ « |wdB«» afWr iwoHng, •H'otvdsd « i IdMX nliai1in> roof OGHI^^^AO. 
Iisqt* JiWi^  S m m i (1990) fv^ Nypvd anfeiflAial tenda in tiw 
lalionetory 1^ laM»li« lft«iwUk« «f aUistnitd wood alt 3«f*fe ami MiiBliiHl 
Sl«ts«r M A MM (f9M», pp. f t t» t t» wi te tbi* tim dNMnw 
PMto m i fete ltf9» (iMiilMLIf of dtMOPKNil flonfetiiMid la IRMM Mliwrtiicim 
X^MUrl (195s) •nggii^* tite^ ^M iao«9uite oom d^ytowife* 
|i3<a9<wl an i^ pot%«db> pMir ia tim M^ram^ o^o of fwwin MI uam i^U^ 
(92) 
« • Matft* « N ^ MKU. irt;.v««lair«i i s id^ aNiljr A»'«—>»•<!« Ba^ am th» 
tfnunigp j[^uiinii« aslikai ilKMi mam Umn * oo«rwi twIlHlar otxtntarst 
into fffffi"^|ft o f MNlil. SNrtMKdba^Df i a Tiyt^n fjf fA.;|^.H 1 ^ j ^ m ««i^^^||1^ 
Igr vwdUww J^ dUUm twrtGnm hmB alwiiwly IMMB giwo i a |p* a-3* t te 
ocOy iBfennldaa wgtfdiat Urn aitvMlMealMBNHi of « <!»» JtortginJ «M31» 
i s «rai2iia« ttosovH tiw maek of G M | I I (1955^). A«MPdii«2/, U M 
•fcWDofatuaiiiwis of ooaXs vtpwombiqg tlw MMfic^ JEO* 9cmX wmam i o <ito 
Btfdkir aaft Rwrtfitnj sMimPOs. Xto prMMt ittofij i s bmssi on t te 
soEiadaiAiaa of atbanfe 2§Q *>«i« ass^ioBs of oosl. fnaa t7 ossl sssas* 
flo£»o tbs atoPEMrtyrttBiiivos «f t in Rsnjjimj sosXs am dMJtb 
Msstissry to p««8«alt tlisir ivoMnO. t^^maeuaem, f t e wrfssos of ihs 
oosX t i^fftf^t tMONi gmuBA m l pnllnlisil to IBS^UIB out tlM dstsils* 
P3«te Z, y^l^* t lb 2 wqpgosonfc Is^ptesI blondes fras 1 ^ Banlar 
ooois. 2a a Uosk of ooai t»om tto OosofMrio osss ( f i g . i ) 
in} 
ttw dnmdor a^taw is ««13«a^. thm urttrtda b«adto ttra tmt 9XA thin. 
&i aaafti«ifc« • Wt^dt of OB»*1 l!!roM tlw I d M i l i wmm (Flc* 2) offidUdas 
pRNdai^ bwids of i r i t»U i aaS S« <didrKtoar Sa » A « N I . Tlsts oraolai* 
fUJbid idtti nAnnrftl meMve and i^pttffng •« «id&« i«iaia«d Um»t 
«rt MMRi in aA&tSmk to lit* qrtii<MJI. DnMrtnBnM* m^UB>^^^ "Dt* teiUkl* 
Xa (•mvttl , tlw vifcnda iMuads i s tfa* «oal« of tiM RunlgwU 
•MMaPM cm %IAxAmt tium thosa ef t te Bajmltar M M N P M (KidUi Z« 
fSipi. % *f 4 )* UMI iribbnia h$xA l a tt i* i^ pp«r fortiaa of f i g . 3 
(Pwlaiti aMi«} i s mtatXf balf iaali tIdMe «at i^nMiid lOl ovnr wUii 
cndUm <tf iriUMPal iMAt«r (idydNnrtUi). fh« teiltl* artam of ttw 
Wm fyaiSik iftaiirtam iicadmia dna to tlw (lli4ocMi&$.oa of t te vUb^ala 
>i»mi» »'i«MfMr IK* arfMap irloiit o l^au. A BamljAoab iMittI of fibwia 
i^ ppmra io tlw Jmmr part of t M a f iciva. 
^ » ^ ^ ^ w^^B'^ Bw^^^ f^c vMHi^^w^vpvw4Wi^^aHV ^^^^^oiWifl^ WUH^ ^ ^ ai^^^aaww^^^"^^a ^^#fc ^p^^wi^  ViV^ S^^VVF ^W*^ 
nw ocwNwr fintpMolta « M 9 « M t t e v i tm la teoAo l i iUa tho £bwr fn^B' 
aaato taipAilwr idtli iMrtlolao «^ ainwttX waAi>%mP aal munntotoa t^cmNi 
• t o . fvodaeo tho aearai oo^pot Md <liill iMyada <tf awn^Ui. Vocr oftoa 
aaiaP tMuito* liw ooaaRmna t^ tMgh loaadUi of v£tindUiy fSm^wsta or 
(%) 
f3fl«riAt6 ^tari^ t in Pwmdaii period in tte QatOmmkiMA* ^^iakmt 
•BA ^ m i (f9^){ SfllMd. (1913) M i SiD (193$) teM liMoriMI foasU* 
wwi 0«l(agrleii 4i«osmrtd la Uw BaatcuM WMGOW sU«fe«. aatai 
dMOitodd tiMi fMMlVMOOd M b«1nngtng to C«Niait«2Mi f fM^ of tiw 
niiJUMKHioi« owcijqpi^ "Rw g»opiil of flmil ooaliiialM l^ wii tlwi 
Iimar QMKlHum %m Msofer i^dl S^nl Cl93t) mimiiMrt ttutt CoMl^ lftalM 
%to doafjM k^iiig oLuHt t jpM 4NirtiM| l»te ItendLim wHriinil liciit tlw 
Bcovtd Itlw* wf WIMHWHI of Mat ffwriLfHwwuff •iMwilvS la tte IMMP OQOIMHM 
f2Mr». Cteiii ani Stn (iSMk) aflimrwA M M ^ pcnnNi niUi oat tvmA 
fSriwigli.liiiwt«»<lriW teliMqi^Uig to •arljr PwnAaa 0M&jr«r». Mrtit« (t9S2) 
(f9) 
fluiilwiBlliM oA BmUMM i9BiBi£i») iwMHt ^HanMi*«ilaiyys • .«• • f te 
uMi igiiiMtiil «• vUnda In 1^* Baprior aMMmMi eoals is iritomi ia 
P3M* m, fl«B. 1-6. 
( # ) 
mix ««dftlMi ami td^Ojr <i»Hi'ir>iiMt mA %lm wmUmWmiT tmf «¥PM*' 
S i^dlJiT fll««el«» is «i%c«lii IMS iMm ttoiljinrtirt Iqr MiffriiftU (1955) 
flMi traoliililii i^ m nFriuitwl in ii!i||;^ t^  towi aal titair wklls api lhi^« 
iaditM< »^ i^ lPM of wtewM wMiiMMLoa a«l, in tiw i^ pi^ Kr posiloo «f 
%te ISjiviif MMi of %IMI 0V12S itj^ iitai* tpoiMsi jaotoolag t^ FpiiMX *ta|pMi 
•mktM^'* A t^ pfdtaX "fitnp'ltf ^ "boipB ifendctw* is ••wi Sn Mate 
iMiddUil iNi^  aAr aMwmJL p l a w ^ v IwediRHi ^^ ffia oC fht esU mi t t am 
M M tslMBopfcqg into •Mb oiter. 1»w poAtian of UM» aAjSila IroaTIwi 
MS bft t«Mfl4 in %ii» tecdMO M i l laOla. IS IM* i^ ppMr M flidiirt 
arlMf te i j ^ wililwiiiHiHi to %IM nnBBnf ••fniMiT £Mttm> 
Fig. 3 shoMs laiMnwia Mrtttllniiy ii^n la a 4UHHtar pmiftMaa of M » » 
tntttebla. tha n ^ apf»tf tiOcaA i M to %l» piamnot «r 
im) 
£tMi f«4 oar iWMt $HI^  mU», I B %te in^U* ctf^  %3m tgwUlmM*^ tortagiA 
fills at* fiidybto w i lm^ lN»« fara&iiK • «ltalii« fliii t«^BMfeial 
mXi9 am DNMI aC ptfea. tiNi aeatftwaint oi* tito IwfdbHNidi s^a to 
tiw ml la l HOSJI af tlw tmsMbia la a aliara«l«Rl«bl« £Nliiaw ^ ti» 
nWMpWMma nQoia aC PalaMMK^ «f». As a aooEtaqiMiiea^  %^ wiitme 
aoitlil W09tt ooljf i l l a q i^n^L^ tansMikljklSir tihriirtnh tiia t imliaftij 
(#af!f^ Pijr» 1917, p. 27)« 
I te Uncial i&aw or tha tewpaawNi pl:U ia aaao Sa a ndiaUgr 
aal^  meAj Maaua. Plai* H , Fl«. 4 aaddOdiba a paarUaii of a IMMI 
a( litoij-'fteito darlMdl £ma wiod. flia Inptomd pi:ta aara aaae la 
Um fWliaX mOm af ttaa tnaiMiMa. HW ptta am annmKaA to vuii ial . 
fOMa^  latlamdLMla t» UaMr&afea. PlaM Xl» Pfg* 5 la aa aalaf^MI 
liaw of tiM WHUMMI pmrUaa <^ %im abawa tlaaM, Tha ateoBtam of 
tlM f t M la «laar]l^ aaaa, Dia idyta w» aval %o aUliitiaal la ali^ pa^  
aaaibl<aaita aai q^pfoa&ta. tbm fdUb tfWlHanMi ava liwlliMrt,oiaaI or 
aUUi»»l|]Mi. tliia la a aluara«i«Rl«bls t^ i * af fttldiag iBKNt aa 
•anoaavlaflP fifttlag. 2a Qovilaki^a sad Coalftfaliite of tlia Hljmo-
aadba aaa« tlila tsoa af aiit^lae aaa iiiaaait la tiMi aaaooianr mad 
1%a {^ diUdtbalaa unpa tiia tiaMUMyUig plaat typm ilorlaK ^ ^ riltaci 
aeia |*aeiaa. Bail tliwea am aamml. apaalaa %o ali^ Ua tta&a typa of 
jpftfctlai aaA la %Sm tSammsm of atliMf anfiKwtlai aitamaUonia ttia aaa^ 
im 
tIjMWI WOSiKP '"HMTtlttilftiffln CttB fM2jf Iw MMiSMKt to t t e 
of opMpi cnaMXar MbUr tndito tiMi C A U oindtJini. 9tta 
• • • t l f lml «iMw H M mix « « « m m a«« «»iUjr I i22«i tdifcb ^ptfw 
igmmdiMSt ai^ MMir liilcii anpiMni •••li tfniiTiiiiiirt Kb ftlasfM. Aa 
•KMimAlsttt flf %li9 £ 3 J M M SIOMI tilMb trtm^  wriLi IAIJUI A M Mteotd i a 
*.ti4«fcBiiiMM Mf thoaa eallam tiskm aasAjLiMm s£ iihiflb ixiflltaia WfS oaaoiKi 
ffWMdiHf Willity* Iftna^ i a littsfe 4WMMPOMI4 ditiUla tlia IMI13JI aX9 
^tMm^m f te sramlAr ail^iM of tii» ealJL oanfemfca ia iMfetar 
lA P3«fla XXX« He* 2« f te « * l i a » at %iM Saiititttial miiX is 
oitft^ Iqf iOm twmSjBB 9£ ttw ovii^Uiftl t^Udc wma< SOM* jpocl^ oa oC 
t te gntfalai* » t1 iw nip»Mfii ^nuaidaaMt* iMfc %taa i^rw pai^ U^Mai ia 
of iqM. Hitowin ft ^MMk (IS96« ji« 315) lanliiliiirt i^ ima^ Iba 
MJ^Eia <^ afM^pt §;KWHi2ar WHktMf i a aoaa ii^ y|-H«# aoaXa £raK Aaneiaa* 
nana aiAtoara alaaljr d«BBi^ b«gtad U M iMPioaa ilagta of aa l l nai l 
dfaoaaoiiltisti of tIMi l iXMlwi^ fWMll»lac i a ^ o riHwif loii of upatpff 
•ittax^* Big,iKl1i^ %IMI ovifiB of %iia ITina (fiaalaif awlilwr i*wff^ 
t te oa l l oafttiaa, Ooga ( t 9 ^ » 1^ 1^) mmoKUA i t e flair of t l» 
•toava mamiem fenfc alao c^EfitaA am mUbtamAtm oaqilaniiiiaa ^UMir t t e 
aatai ial I M I ahawrtwd iako tto oaiia i n a oannlilal tMtm moA 
m) 
• w * ^ P (•«» ^p^^^W^^P -^^^fcfcw^W V ^ B B B ^ ^ P ^ W ^ ^ • • • ^ ^ ^ ^ I B ' ^ " ^ lpW» ^^^P^wfc '^^^"•il^^iiBI^^^^ vWv vP IJP^BRIPMHNB V W W W P 
m^paflt «|Mfi|M M^mr. XIM tlaaw iiKMi VMriUms iMM^ pn ef ilaimim 
«IUoa A M to tte MOMfelm «^2OR of tbo •iiirii «nintawi> tldlA i» 
iiiH,ft«to4 ^ tho 0Mptfe«^<Mi3jr SMS idtiaoleift purtiom of llw tiamo. 
3bi Ploto IHv Fl«« 4* tiMi MrtaTlayy inil« « M mma to !»•« aMOobod 
tte idoMMUO. oBU-tai^ dte to thoir rKSbmnm ni^ Uaf*. fho roilntng 
BCtt^OB Ol* I^O WaHXt ondnMHtlfc HIOllt»Bil dMOHDCWi^flMtU 11—it fe4w fjn 
paMb 4alMris (torloc tbo IsnlGKr pMRbid. 'Htto aowwlko fwr th» 
SPMtw umnft ^ «pw|ti onl^or la %ism dBraiiw <^ tlwao fioala. fbi 
qpotpo wtH«r a i # t te tmrnod lagr otlur aiprao&M «i MOlp oMb • • 
oRlumat OMrbcMlMftton of tfew plaafe fJnucioKito Mffiiitiitff**?^ -^?!^  of DNHR 
tiM aiMtfiwidi riimnaiif a laMiMid Sato tbo pnA bav* Sa tlta foivi of 
im) 
taBMO •« id«rtaiUi« QMija & Puifc ( 1 9 ^ ) N M abmii tlMl QM of 
tilt a|Mi9W ooMM n^MnM l a iwMta im tmemA l^' 1 ^ «ad«nMi ma^toiAr 
MAIOB «r w i n bod^Mi. 
iBMir ptfi oC tlM fIfOMy t t ex«u l a tlw M^n3. pa%> Vbi^ am tidanMP. 
plai* XV» ric* 2 iji in « d j « | i i «S«it of aDo4^«r povtiaa <tf tiM tawi 
]MMiifc ^twatli^ JMilior i s mm f&Xa«d iaslAft tiM o»U oisttiLM. 
1%o vMyiiW tl^ UdEonm of Vm mJl K&tl* soft t te l j ' wmutA t^p$maxftmm 
tuU^l^itl^^^^^^^^ ^^BB^Ww^^^WMWwifc flBP^^""*o^fcP • Ti^WI ^WB^P A^KA-VrB *^»^^P ^m^k WO^^P il^^Piw^wwif W^UBo^ 
iiio M^glA of tho fS#n«» ahoMB aMoOy obll&ofiftad osvifejr tab %bo 
miiiM mm SatMrti. flMi oonlwifeo of %^ mU, mffOJkf t^ppmop dbfk taJL 
Sa tiio ooUL wOI, maAp oXIifakajr i|piBi^» & ttofelXMifc trlitngnliKr 
oolliiliir ipaao 13 f^iwwl ote feiio Jmefctoa of tteoo ooUo. f te 
im) 
fttwsKipn'f/bSj&tt wad tifti— imi^j iTlMtiilitg.iil tim o€ tiM onXl 
waXiB i«M^t« in %im tonKMsm at tanmtlwwrHfc i^ bferSI^ B*, fltOm I f t 
n^. 3 i l lMArabM « M & aitvtibui b f^cvMti tw» idifciwla IMHIS. TIMI 
flpfOTfm AM 3 i | ^ jpvUflVj^  lunMBi iifldi dimfk teom in «i3o«r Md awM 
of ttiMi «M <qpqpi. SoawfelMM tills l|nENi of a^tvi^no %a wtum to 
donia. f*lid« Zf» 1 % . 4 io « inri&m of dne«ia>froB Uw !4iilBdlli 
i s aMMMHwqr to anatioa tiMo thi^ sscdb %jnau3aa»tmA aA\r$as,vm mm 
aai tIbmmmA l a tbo d«ndLaa of tiio Htnlatnj MNunni seals durMi 
t t e sowss ^ tlw ypsssmt innsstiftftiiMi. This fMttav i s of ^pMoisl 
sIcBilloadKni ss i i dsnotss sa «BlUaw2jr diffisx«nb smiVMiMiA of tbs 
pist bogs* 
Flrt« Vi» fi§i»* tHS) fVifKVBD^ inodt-sfemetant of seas «****r"^J 
oa&ls. A tamMdtisi sssl4oa of Mood* idatlar to tjvs *C' 
of HunrtuOl (t9$$» pm 799)> is itoMB i a Piste f« Fig. i . & «lia«aBts»-
fgtlffi flsiA t^tva of f i^s tfntihsiMt Is ttas j[.iirssmios of '>yT*-H^ «»«.|^  p$M& 
i a t l » i r i « l i s . fbs pit esvltiss sad t te laasas of ttis traslislds 
ptf t of tfas fifwps. Ia otiMNr tntfAatlds* tiis i^ts a^sar «s satoMtl^f 
stayrssascl timrt ban snnuaBMl i a «disias. Tte faiM^boids a n oe»> 
« i d « n i ^ loi« aad tlioir owvitiss a n f lUsd idLtli rssiaems asttar. 
fwvm tlMi Itl|[!b3jr HMdUasos wAvtm of tAm tisaao i t ^xpMtm ttbat tbs 
KMiaoos MdMAanMi was rii*sut%ad <MMaitiosl2jr into tbs sail, oavltlss. 
Cictt} 
Plgb* T, F i f . a i s ft tftflsrafcitl vl»w of wood alk>wlj« lil«iaar 
tamOmUUt^ C^tAim of Vor twd f4to apptar i a Uw i«Us 
of Urn UMlMdyte. flM —faltwiy n j « «c« ownnNMi ant amiMr 
^ I j H i diMi to t te jpaicgimm ^^ mal imiuw Mffeftfwr tnali^ tiMKl7 ovXls* 
9 oftUs tn tmd^jB^, 3«tfi ndwofw «ai iB^LaarlBte tigrs an» dtteraaUa^ 
iaUo cdT ^ oAUtmrn nood M ^xniD lif mOiaim sad Mtf i teU (1932* 
p. 19) a»i ^ufahftU ( 1 % ! , !>. 85). 
P l « ^ f« i l ^ . 3-5 iJOsu^MiAm UaagmitiMX. aartioiia of wood 
iriBid»s tta* i^ ipatfkt^ w of ^ M tinuteSiis ani tetrdtaMd piia nuy 
ol«tf3j . ^ a jp&ta MM ooanaMi to t ^ radial i«tLla WEKI ttrvrafad 
i n « idiaio>2ilQi fa^iiioctf ^tunrnm Uw fetttvMltial IMOIS tfv ttem ctf 
fAibs* l ld« intJMtM HBodl litBvtav gfrnoM^ptmnam alftnll^'. FOato ?« 
n t . 5 tnMli£ts %l» oluHRMtiviailo »>aliqpmi palsioiii itfodttoad Isgr 
%tm ^^duaiy fehiictoimd imrt&imsa of Vtm m U liaiMMn Uw auoooMdiv 
l i i i ia . Asec«dli« to SUlOii^ ani MarahaU (1932, p. 17) Moli thJrtHwwl 
poittowa of the M d l npraaant Uw "iMtafto of Saato*. 
A tnAsiwnMi Btitioii of wood la #tOMfi l a Plato V, FSc« 6. 
flia eoUa aaidlMt vurlaita «ta§a« of ooMpcvaaloa and af^mmt wona-lilet 
l a ^uipa. m MEHit of tibo oolla Ix^li thm msAm uf^^mat OHOHKI. 
2a aoMo of tiho ^mUm tba «ads tfo dtoMB o«& KtavMts tba laaia mfriX^ 
l a fUJMI Mith tmaAamm mSba^tamm* llaarljr l a a l l t te e«lla» a f l a t 
dailc Haa la aa«a paralli^ to tlio lom « l a of tlw oo^pvaaod «a l l 
(m) 
(MKKUJ aiBA r^xrwMfUi t»h« imsr l i jal^ ot the «ilX M U . ffaia i s 
iMiitUHr MMNn la mttm «IO11JKI mlirn ta tldc^ t t e i&urtc l in i spfmura 
•inoB^mM*. NufaiiftU (t%t» p. 85) IMS ihoMo tluA ioeii lAmatMf 
turn slmar* IMMRI iflwH^lftot ttm nocii IwJUMiilas ^ ^ ^ emam Gea^itAt^n, 
WUA» Vly H e . f i s it irfUarayinifeecnfli c^ & tiMWi ia mewm 
MOifcijsa d^^'wA Apoa syanm^mnotts wood* Qdia i s • pwuliMr tij^ p* 
«f NMl 4MWllMft 9m l7p« 'A* Iqr MunibftU (f955» p. 799) ttoi ! • 
BitiMTiifiturl•TI Igr Mjftl'r ocMpNMMd tltmwi of thtrii mlliiit MPIXA 
wmnmm'^ ia BMPVetr aaoM. Man^all (1955* p* 793) otennid ciudat 
«f fefMiAMMd pilMr ia woh tHwrat ui l «(mM mit^lish i t «• iM^ yBs 
ppeMbil)^  dwriiNid froa gpmm^^mnaim WKXI. Ia ^i» prMnofe mtm, 
t t e tiMTO* iia»itwt«d 19 ^rthaU« rym Plala f3li, ia iim timtam 
9g lattlligr i^ am asA ha^KdamA ySi%9 U, htm aot ba«a posidt^ to 
•niffB i t tfafiait*^^ to nxKi. fMs tiJMrao eosM mrnsUjf bo » wmeaaiSteff 
•MetvK i a «ftiefti tlw tamisiginmnS^ of tlw M U S i s strtldUigljr voxy 
slaUar. i^vi«toaftI2jr ^MJI tlsaos b«s bMo iaolaiod SWNQE tlis 
iJMKn^ haaek tes fOiOfod s 2«B8 4oMlaBnk yolo i a tbm iwtmd^oa 
im> 
itf Urn iN«liaii3 mul»p tmmetim'imm. I t inui mm idcHlfiMuie* to 
fast mm t t e iiliiiUMJ imiiiiin iM O(8>MHRMI« IRW «t*ift, ^bMsy of aartdtt 
f g.BiTlli^ , tin y»y>ff» 49«2ii fr|n?[.iii1ir tiM oimcin lui to nlqr telle t i m m 
4o asfc oadtilfairiMi awb to ttio f otvwkloa of oosl &mm iauisig, i t e 
tt» fHit«b3y» diNiji eoiUd ••iA2jr<^MMii^  t te bialc tJUMWMi ma& t te 
MMlijKlSB Ififti o f W&Od fM^Md tllO Ifflrtilfl of llMSOOltilon i o tt OBHpMt 
idtii t t e plAOb 4irtMrls «• 1^ ooaatltt^oo mm of tlM Inpnidiliraia of 
4mwixu Tlw iMw fln^ pMRtodi ^Uamm of fatfie «w« ooBRWctod iaio 
"fltMiii Mbldi oanM raaob i t e 4oopor n l^cHUi of t te iMudA ultb t t e 
Ito^ of wood. Sooeai2jr» ^MI g|ac»o|M«Wi ted m mmpiehAimlf Imm 
i/nmhsffftA «o«teK tteA t te t of yio lyoepodialiMi aol t t e }idbl«r tew 
not so t§st tetn provod to «Bl«t ^terlx« t t e LOMH^  CkmiMMft pKriuoA^ 
Flito yi, fid* 2 ilK»t« « oromi •oottmMil viow 4stf teric t i«m». 
•RWQVMiiA Of t te ooXls io maf^meisX* Smm of t te ooUo in t te 
XQMMP iMurt of t t e figwpo itew OMOwArlo lagroM in t te tatll* frortiwod 
•a ft iniiilt of ostzwM tMB^itwing. f te tlnwui Htppmim olii^btly 
<tlol«(NniiAod, mw utaite pittdMo oteU^ttPisii JUi#it unt t t e mLmtmk 
(tc^) 
• • I t te Mi^ tljT tidnimMI OiiuiM of ^ * otXX mi io btm bsljpfdl t t e 
npaiv4dA BMiMiSii^ Hbl. jwrnirrt to lite toM ^fndo* 
Pldt* VX, Fl«. 3 lllaMtMUs » longSt^rttml n i w of m liosie 
tiUwiHi* ^M imMKWMily liWI'irfBtniTfT ooXX MiUjt afiiMM^  (nor iA nfflnwBr 
wA yio « « I ^ ^ 1 M mm MvprosMd. Tmnwraiiii %IMI MOI* tarn oMa a 
ilifco tito yil^ '^ .n IMVIXM* TIMI fir*iff^ -*^  n^ pgaMP at Wlftdic idsMPt haf»* 
Urn d«xt( oc^ lflor of %km tmmtl &« <lt» to Vm pemmofm of orlglaoX 
oiMitoirt of ^M QoUl Qgrtfey vldyidi dovl^ l i f t tiwi ocMmntoilod %o 
Um ooctwdyMP tlumigli tliooo ooaola. Tte O M O O xopmooai wrilhliitniiiiit 
3P«rfclaao <^ tb i ooU i « U . 
tim pemann^Mijaik of iho bu% tiimmm ! • twl^ior poftvtgMi 
i s t t e BifitgmJ aoamw ooala. Pl«6o TXX* F2c« f fottawMWiMi a 
MdUOjr ooMpfflWt of tULa-wUJMI ooUo ollMNnMifciaK vitli i t n n t e <tf 
tlilolMiaaoS ooUo. iho tldoie^waioa eoUo cfpMr anev a:ioUne% 
liao to tiMir M|^2jr li^ ipdLIIMi mrf^ uw. Tte UilAHNkUMft ooUo p^pMT 
woated lAilo Uw libiflai^ioiSod ooUo IMIVO m^aXmA ttwlr obrootym. 
Slao tldyolMMO o^d al^ »MEUi i«if»«r to Iswio d n o l o | ^ «t o liitor ol^go 
2 ooUo t a idU^. £ i ^IM IBOMMK 2ofl^^«Bl oamov ^to stfoot U 
im) 
m fift bM4 MldJl* In ti^bmem 1% i s as^ dtaMnil^lA <tai to mypHM 
«anMr, i« •tow wlaivid la rlafe* f H , Wg. 2, HW mU ecvlftiM 
iflMMKr «i iMU« •imOar dolui. &i «»•• oell»» tiM iMiMiIs am « M B 
tte IM»-Ma3«l Will* is •lAirlar MMSU SAMiiSt «tn0tia« of Ijyydte* 
iflil3«d t ism* im iMark i« i»«a im P2«fe* ?ZX^  n^ . 3« Warn t6« ttadUtlt-
l a tlw mSMim «a& «l<Ui potoUdi Qomirs 43emm ooi dm to oMjprttw^Um. 
YlUff •llgi null af'i'im<wiiit oif thiitte- iflft tt^bflMnkUysCt t4wnM -
ft* lihlititi Kallml iteMiti dtovaCUiprt M I tiMi iMtifffsA o£ tte txwak laavMuMtf 
Urn MiB aaclji* fti» M M p n ^ r i ^ amn tHpewlM0(t ibt towliiltalaaw 
tiOTJri I A HtadU^  tit* ptth mm 4i*e^bt at xi^ paXar JMN^mila iiEM«a 
tta fidLtob *'*'i'^ <it ac^ i6Mp PMMI al'feli 1«lia fasidUjr ipraidaK IKMA* 
^ w^^w ^^^^pai^^^^^^ vBaMa^a^^^Vr ^^^^"••WMW^ aBi^^pa^^a'at ^^^i^ ^v^^^i^ap^i ^ aa^^^'^ sm aaa*^F ^ ji^^^k wi ^^^^^aw^wi^^^^a 
f2X« fig* 4 foA %hm Plato VXZX* Pli<». 1-3 aa* tgrptoal aiav^ptatoimvto 
flf atoai aalla la «Maii tiia atmefeani of toa call MK31 la iwrgr alaar3j 
Plato fXtt fig, % ia a laqgitaliaal aasUaa ef tetfk 
(107) 
as hlMk lSm9 or <ia%«. Tte t isnw is not cmt puwlm tixnvt^ a 
ofendil^ plaai biDO* I I M i»ff'">iii1ff» t^ ppnip ija oniM M I wiXl lui XoQgi^  
i^iMor aa das4c 4a%a. Tte fiall maii^Un am cofanitaati Mil ajyongrtart* 
Plafta fXI I^ i ^ . 1 ritaw a pax^dan of t ^ abonw tSaaoa usodar higlbar 
atMEi In tiMi oMiitoa* tlw aiOMla i^^iatf Sa «KHNI aaatioaal vimi aaft 
laMUaa appM f^ wrSiiaadi iaftleaUiV t te tHraaiSiHa oi tba ooMpniaaiMal 
I^ BOoa. Itia iKiviiKHAal laaalla* ^ oat ainm msr i t f fa^ of o^mmMMliMi. 
A porUyMi of a bavk tiMmm, wapoaad of abona M O I O * ia 
lAioae JUi Flafea ¥IX| , n s . 2* fba eaUb-tnll atnad^itfa la yvjr tdm^ 
aaartbltiail* ftw m l l a «ra OMiJoaaA of a mribar of i^ytamating darlc 
«ai 31gbt aoQM. Tba M H oc^tgr is vax!/ aHOl m^ ooapnmMd* 
1%i» sltt^ of iha indiviifeeiBX aaUa l a lOii^bUy diU^oftad daa to OQM-
pemmfimu Gaaala ara aa«i nMiAh^ ia a l l diztaotiona f zwa t te 
aaU. «tt i^7. tim altamatt diapcwition of tha lajr«» i^ ppaara to 
I N iteM to t te iwrtodieftl thiidMmiQK of tha Mall. Qaa of tha oaUa 
liKUh apfiaara ia Um top 2«ftrli«Bi& eoniar, ia ttoam mlanfaft i a 
na ta ?zn» r i « . 5. flis oaaaia 8i«w aooa tltflc Mb«rial ata&iar to 
i^m 
mil ifcrnttii s n %•»•& M Hyp* *B* « U M I » %gr 
PUte fZU* Pig* 4 i« MMUMT idUw €if • bole %Umm 
of rfinm «ttll»« flM 4M^ L2i itwMVH lumni Sa HM Mill* lidiii • ! • 
t te MM JMA 4teMffillMA ilMraK fegr f|iyni|M f^ifiinr ffrnndtfy^ iMr oC tte 
n i t e S^ l^« t «teMi » tent of i l t M l a i » vUte iaoli^tai 
llCiiiili« ooUi ^ipter lib f i iP lw ii*w«ftU. TcHMPio tte top loA-
i« WMpood* flC Mf^ Qjr OMMteft tiilii wollii tlMMMo. Shfts 
««U». n«te X]^ n c . 2 ipptete t» te « iMwitMllMl owtloa of • 
• te l l t f tioMw of telle. I te UfHtfitet tetaM of tte «ollo to svfcdtoat. 
U UlaointeA In Plato 11^ Pl<. 3. fiw ooonittiiy teik 
i^ Bpoofo on tte I t f t . IM t te viMlo puit of tte flcw»» 
tflwi ttoteo to owMt idlA toniMloff'lar tenoA oolln* jte 
im) 
On tiM rfgiiti lunrt t^^t tlw tMil i wTlurt ptiMttKf iMdik o in i am 
«ttU» VhMNMUl t iM MflrtrHiWIlt (Xf t^« M i l * iM %im i«lM«ar iMOffc 
YIHI %lidtali*Wll3jlA iy#^ly UMWl'* MmriMMl ttOd WBW dSMMBQift^ dUNi IMM M W ^ 
«ff iMHriii CM •MB In AnnKla Iwailt* tiMi wigim »f Mtb laolnJUH 
«r pmiiJgwil iiiw %iMmm mm mm ia fltim SU FSg• $• Im 
rttrt3jr l^ »SaSAi* %!••••• lAfcurwrtlrta la ^wiiitlwi 
(if©) 
§Mn iUrli ftimlii MDKI ttenligr iafeo fimlii aigf IHI • gniwl . om M 
iiMi f id* iv9*cn to ffiMM ••irltwuil idytw 4ndl ^ ^^Mn U#dt otttm* 
temM liMmi <Mi ^bM vijMit* AilkuiUr fete feimoi' Sa oat as la imiHfclad 
fofUMiof fUio tjUNWi fwMMfff 1ii(pn<liiwlHiii" rt jiBim ont tho o iU 
IMUL flfmipwEilMi munrf* otemUJMi la alumw to ihi/ftf;^  itiui ftt^ i^ ijt laaiXtoo 
-^ ^B^^Ww ^ V^^W ^p^^^p v^^M^M IBII^^W^P^P^w m^lf^ ^ •TWWPW* ^^H^Nff^MV W P W I ^ B P W P ^Wfc MHBW<BW^|fc VKHUKUf ^^VMM^V^^K 
ttewVit « 9ilM*to iMtm. £6 io dl,iytawai» to gootelaio itud^ too 
ndtrff^^fl. ismotoo iMt IMNM OOIOIT iMMNMidQila fey owA o fefWMtolaB* 
A to MKPO pVtiMd^ l^lft IMM poffttoA Olf feiM t l lWl i IMi 
nwooMo <Mt optriMP MMtw tovftto tlio ocvtotoo Ijiflmtitti 
( I l l ) 
n i t e Z« l i t . a ilMiM Uetm « t U 4«nMd loaMi ^ v&lti»tat 
•hiniw in tibm g i y t f t l iriUte AT %iM t i t w «r» w U VMoiiat. tto 
M U . flMOftiilit I A liw ifttrtiiitwit I M U M I MW wulb Mvfcjr I^ MNNHUI in 
•taMPsI. aift^ «^« tiA» pPMRMi ttMft tiMi ««»ttSmi wow giirtl»a3J^ 
ftai «viapii|g of fell* « A U S M iiirtt*g|itg i n m w i - i * nitwmtwltiin 
HQ2« adPt 3AA la • itiaiCbf fMiitnl ••ft J I^MIIMI. MJ^IIIW tnattitiatt 
Is aMR l» n«te X» Pig. S» tte a«3y 4iammm U iiuJb Urn ptm of 
Sato ittndyi Unmni^  tlliTti ifiwiatw Hiiii %!•••• idSPavte M I Twmitljt 
f i n t t« tlM mt/km^l psitittn of %lio tiaMM. I te vol* of « l m ^ 
SA mOjHmm 4mm ! » • ^ M B teOk la d a i i ^ ly SflMpf (tfSD. 
f2ato J^ Plf • 4 •htwi a tiomo of iMk oosiwtoi lalo f iUIr ' 
ii»U» tiM Itelataoi ooU ««iil it« «mi f il2o« vttii aianpa Mitor. 
f i^Mi ^ Mtt Tiftinii fflMBilos Sib So sIndbMio tiMb mttitMi'li • •AIMF ooottdyi 
ptxVktSSsf wt OBopiiitolsr MHISOIS MPiKl'titoo on HPOBVooMlMt oSdWbwkJiMi 
um 
Itt iSaSM iiioildii fiwdLa iwiiii'iin v Uttia te^ thui w>\t 
•flft ifitf nfMniilfMBinj, m i l fMMffwtf flw^HalnF itrmiliUK In clNMQnwl 
liilflli aitei Sa tin iffiiifwfclttn af tlw jOaafc ifctmtaw* Iqr MCfSflg tte 
^LMMM I^RMI Iwilm: CMMlMd* MMMI nnwilatali til•litMnniWtl ibt ftgily 
fmm XI, Fig. t «lHmi • Vila. pmMWtd %mi^aiX» of Iteula 
AHRtaml IRpsa wad. tim UMMM S* O«A tnngwtrnljr aad I te ttsaMni»l« 
•ffMfMMn* or tlitt vtftoM »!••!•• is gjijirtlim «r gioiilii f tq i t . flMi 
tlaMW MMBMMA flf lug—g mllj i 'wfrtalilT nmpnMM^ fclw iwwriwir watd 
•nA il l* y w l n l m %!•«»• tl i* mtkwmi mod. tlM o»U ««viftl«c Sa 
•UdMT «M» AM fSllai «dtb oS«9^  atoMPftlft. Mm* vIoMly aoapMilnd, 
pil«em liM pioAMiA gnaOar ftiMia. f l i i jvMMrwUaa of almfea 
Mix tfkiMatom la fiMSaSMd tifcafe* <te«i aofc wmm to fSMoor tho «teo«y 
mutfdl^ %te o r t ^ of ftwaia tnm fSvo i«in«lM lA looii ia tbo 
(IIS) 
smu tatlwp iiffWiriwi «aiitijv gtevBtwt of «a««» i s tvaitAmA 
mMtHiAam, im M M Sa Rate Il» Pig, 2, tta» Mil MWIUM I M £tl2«i 
idytti iBiriytariblMi «fldl flit imllAi m i l j MMNMP IdtidUdc* tte oofellM of 
tlw mXIm %m Mfc 4&giMlMl Mah «m p^i^  ttny tNgr AM «U#t}ar MMIPMM^ 
On tte 3»MM «ld»9 teMMi'a tte tlaww i^ ipwra MMteA MMttlng la 
IMHJMMI riMttitrnTitfiri of t t e j jnint i i i f - SMaMamft aaaoMitJiHi ten 
SMteMA MM&M fMll n *fltrtihl'l' MJJL BMMVWA ^MlfldLMd f^MM^ 4if 
M«rt ifpewa la fZate IX« rig. 3 . Tte M U M H I I M « n M M l!ll]a« 
niHi iriUtofite ipalMi^ MMHiiil3f la ortgia* 
fte tiMM la MM teetea A M«M»1 iOamMi sal t te M U acirtUas tfa 
ftltifii irf^ MHit fl^afeiaa* l^ te tiiliiMMi of tte M U iMlaa la IdMi 
iNttiidMS. Mlla . 
JGn MfSastMd 2l40^ iCteslii iteM ^tteUUi of oferaotMo oo 
la Pluto XX, ng* 5« Tte oftlX M U O MCIao% anro 3J#^ M I t^tmvt 
Mltep ttea tte rtupypl awtlitr fUlligii fiHrt^ # tte MIX Mvltlao* 
iMbflit ii|i|Miw AMAC gMgr* fiMi •^ *^ '^ /f IMIIIOIIIM I^ PIPNP oa fi^ bA iloiAt 
SIMM* Oaljf la «te «o«bMl favt of tte ftgoro tte ooU otrao^aM 
la IfHniirt • 4tMif vMidlalm paiiloti of tte tlMoo teo teoo ManteMl M I 
t^ BJiiaolL "tagM alMMai* la ^Mflaoodl* 
urn 
UMwm tetiitiiiitiil lOmu Tk» UmMk^ ot Urn Hkmrn i» mrntHM ^ 
f M i M f ^ ^ t ip MiKt»l1itfy ingpi t»lM% !«••« ^ 5 «^U« wift %l» vafa MM 
BHM* COM aate of 1 ^ flostclat of tAmtaAMm m» te MMarlfaitf to «b» dla-
^iiffllitff 4H3biNMii^ l^  I^^^MI fittnlnfl tiMnv <Mt mod oiyinHNi ift 
fU/bm WLf n c . 9. F»Q» %tm £»ld«a MftatM (tf tbo t l o n f (Tlco. 2 & I ) 
I t is laftMHrf tlyit tiM itdUiM took BIMM ndov to ttw riolnliiotiliiiii 
9MI f^ odtfwl aituwi 9€ %t0 fitnoittt tJUHMM milio dMiit wi to iMiip 
•0te (tl99» ii|^ tf«lt)« I t « l t n MWlM teiMltel. i *r t te 
td t t lA £fiipMato 41)1 Mt oiiHii3# vnlosp tlio fMoMnn of t ^ 
iNHt itfilMu Alb«rniAI»«l|r» i t im Mtimiotwt tlHit t l» fi^ bUxv of tlw 
tiMMO tOOlt filMW <l09im tilO Otfi jf tiMriMldOOl otofMI tSSA l i t OF <m I t 
« M llbJO-Otod to l l M INRMMMHI o f f^wtfrffifclott. NiTil ial i ( f ^ t ) ! « » • * 
oC fiMotn fRMo tiHi Motorlao mtm^ noitiiitilio, XBgiwai* Ho ftHorfflt^ 
Ctif) 
ncto IX:^ fig. 5* U M iomwl* iM y^to tlM oiill MvitlM aad tte 
MlrWdMi is jilltnL. mdwi M£. niiUUili IMNMB MdoHm yttSA M M of tlwi 
i« TjotwIOB oai fsi« '^*f wNm olMarai in Ite 
im> 
'HH^MMASII^ iMVK wife. M 0Hr IMNHI <ilHMWMl felf t t e ISfellMP Ite t t e IlMdb>» 
fMn al l tte iMO^ «f ft filjwi »A iidy^ tiMi 
4nli«4 tei^bm •writtiin to tb* tilimitfloil itinmo, ti^jtliirMltli %IMI 
%» IHWiBHIi ft fenPA# # l l l l ftflA BlIKiurt MHW. I f t ^ tMtHnl»ft «f» I d l l ^ 
MftMnASftift^  IprMMiftV 4Wiyllt I A praAVMlf liMiWHI I m s MMNHMlMi ftlifftMriift 
ftftttft^iViift VtiB t^KBMt *H3fiiAT Q£ 4tti|«llift. £tt tlW fSlMnsMI 4WltiTi tfeitt 
ftBBla ftMi iw XwrrnA urn *9m^ imuAtiP MI tlw wsemm mA npkqem nislftr 
mm BB4 jpifttBt to ftMli ft qpiiUlty MI to mftiiiigy 1 ^ l l» toraftMyMi ftC 
Ciif> 
«r iVOMNi^  idaKnO. MiU«rv O|M4M «iil«f, nHwrtu Mi ftiwiw. ft IHM 
ttoM «r to* i n l t i i U IMSMUM. tidto aMMI «LI«iv«BM tos toM 
f«ife3r MMilMl to to* a U f t i i M M il l tot fd^povHom of too utoto-
Btfndntf* #nMta»* lo nic* f» to* iMbgr »4«ro of too oool to mSdtnlk, 
Ao otoiPiPL pprttolot tippMiF tolto <m^  lorfttr 2j^^« tto otow 
HjJsKP oMMd^ UMnfe to flpK|Mi iiitowp* 3iior>iy tnHniMi aaft xoato 
to^UM afo Mfc tiwuant to mgB^maUkiim #u«ftlttoo« IHtoola otioiiai 
omiitltirti toMi toix'i i(wrtiniii iKWimtioii, 3te 1 ^ * 2 toe gnynitor 
Mtom QC too #0iito to rfkono* Xto 4aototob ncimtltiioni to op^po 
aAtov* WiiiuipafflTn iffMar o« toto tovoo^llte tott«i flattwiwl 
i^o^lliitl to too lm#flfMr stow* to ooHMfftoton to Mc* f • too MMMBII 
of MlaoiO]. Mtonr to Immmm meA iMte toitoa «w oioa Am Urn flmiKH. 
otooaioi of i^ Munda do looatit* to to« toour pssfc of 
am 
Sft n « . 3 taw vpmfm •rfsb*r «boiii wfliovt M I I V M OT 41itwtiigwitlfl«, 
SR MNdvwft' t ^ %te IMifidfetf' MMHMM 4nMdmi» t ^ l ini j inS 
teMiAi MBBMiP WW ttlltMif* Ml Hw ftllTl'M'^  MMIWIP iRMHMI MOB* 
i s l i n T M i i M r n i^ pptHP i l l sPMftM^ Tpiwfcitiiilw i. "bk PlaA* i^yit^ 
l id i l i SIMBA i a o l i i r wMttwat^ to ttn Btfilfitt' A m i a i * XB fl|t» 4» 
t to v l tnds tianrti MPO iifgr iNPoiriyMnd^  m l tiNi f!iai2jr 4l,vitei I H H ^ 
i f t t ' T A aiai t iT <Kf daanfc ImiMtt Mudu bnftfaHi tBetuaem i a t t e tM> f i i iA * 
iHMt Mfntr . S S J U M ^ UbiMM aaftw* «r tewSji i « WMR Sn f i g . 5» 
H I tails fSfnPt ftU. t t e stow •amtttwiafai lO* slsarSjr rf—MWHto<t. fit 
tiMi impir iMktf 1 ^ tait f luwii • Hfff^ f^fiftffy" wnl. oxiA ftitffiliHHI te^ t» 
9i!96t» Hint ffiffttrjit iiC ^Mff siiUbsQLMP I n ^ sra fJUilstt ^ t l i MtxMtt3. 
wit i f f* t iM i«Ute iMm toM fiadJiiMi «ad AvIHwr is ts i ls «f sterae*«Ni 
« » M t «lidLl^» 1 B SNMful appMtWM^ tkis wmabloi A fiHpil. loitjr. 
irfyUti S M I I otiwp* ItMiklMUf t-TiH* fvnKWMMito s T*iin;nT te^ 9^ JtedLslstdt 
( t f f ) 
ttilnii iwlliwt *fi.,iff of Moaij^  fnffTiM i^ra 00 iftittmrtffttrtfmx i« <tifXiai3it 
ite fig, I mA mm Iw «Q«iMdMk3y «all«d daRMOoMto. BMSites 
SpMict flcf fljpmm uttin" 83f9 MNW iilftTllfflittil wvtfllap aoA CWM IMT ttan 
lypMsr atewiklilM. QB Urn In f t t tbfii TTTrtrftlltt of f t o i ^ aa« M I M * 
£1 ^ , a H M 4Nniia i s «t«tt to «>fiMLit w—wwii vatla tedJym Aodvit 
Ml ii<iii.'iiH.wntlil'ni Q^ f tttt pljHBd^  ltijpiMi» IQM I j t i i i r MuraHfe of HirWyw^ 
w i l t i r «ia 9pmg» wiltMp i t aB»»>imMy. n g . 3 •toMi wMiwitm 
•pMpi aRll»r« ad«ifill»j» IwriUi 4igrwiiife5an SN&IWP aad slj»o^pmnM. 
A% ft flnt a^yMWit* on ^bm tmtt, IONAMI taMOSr^ MtU. flntfWiA* am sMm. 
H i i Tit-'f*fT pfty%lAlMi i ^ M M M WflttT iwm^l^tfljf tbft •iMriUBdLtvt mMiiflh 
wf^mn %o faunm hmm 4iitwimA twom %im 4iaiaUin«tioa af f^ bt Dawita 
< ^ ) 
•iMMnil KMlfeit' ifld MftniteLlMI I B UMI BtyeiGii' MMfUBNI A K M I M I UBOlldi 
nC atoKM^ptimi M i i^1ffi*iB Klgj^B «ai 3 f # r twiininlti' of 
BMiiflMiJ HNyMW 4WltlK itftlrtliln IMWHW QMlAil^iMI CdT iftMMJL 
U A • » « or 3«M eooipliiloly t<» •••«'»!* iitep»Hnm*miliii 
i s «MS III HbA* 2f« f i e * f • Urn tmll of tiM •yagimtot im Mlf lPi l i t 
I n m^wwi Mfi ilMwi A tKft on !.%• iJtSPn aSAs itaso H M MIJUI i^ppaw %ii 
IlM» «p(MW«lMi MS i « ^ O i of aterasiociMi. I l i ^ r 
im) 
Ite niiiitmi i^ i ^ aimimf&nm i M l i * %ta» • • • IMI %^ ^ M v «m>^  is 
aa% Hill, ppmmmA* XB PJ«t» xr» f^* 3,» tte ffli^<t«lT «of«riim 
of %te gpniftiiiftiw |« ^tt^tftfftny MNHi. Stmm rwrtwlMinoin of y » 
•miKWilir 9cmtUm m9*i» ta y^c* t • • w in OR tti« Uit «iBto oT liui 
fpTirffifigiiirtii A ft •ill ilnxmif liod^ oiuiiiiiinit «C ttilnrtnn T H I W I MdLIt^  
MM% iMfi^ iiaaf «f a ijitfyflrBnftlini iifcIXy ! • ^owi la Pli*« JOT, r ig. 4* 
tMW%g |» HI* %ifjpn3 daraini* ttntwimni bam a04» IMMB olmriidl 
fn tiimitiHiit I M tte SwilipiRj oicXs* 
p^ Mib <ef vtei^ la ittotana aaibRr. I6a imlm af aoal lanpay 
t^epiMliiy |pal<tea afelMr fattsWir oa ^ta cpmntiitiy of tiM witiiiril witlifff 
4% fBtttifffflit flui aatam of itliliafS)Mi6laa of tfaa wta^nOi JH^IMV j>1yi 
a SPMcfc xote to iilftwutrnc aC a acMl anft i^ ipxaaanAa la tiff^nT itjMiitttlai 
Aakoffiatea ^la iMlrfna aaiMP aai iMMitJiMi iwilut HbuaaWa ottM a aaaL 
Migf appMtiP* 1^ alMiQni jfiJimu^ aofla wrii on Infflntyiitilffiii aininBic anA 
O*Si0Mdi^  (f9i^) alwiffaA MMaililflMkUiSf olam aakXa^  lA ijilah I M 
im) 
MK %te iflhWMMb itfttMNill MI^IMNP* MUBOT wdhMm f^ lansfci oonfeitln 
MnUdJMiA 3JMW tiuyt tiiis M M H A * MHste ttf H M wig^iMil snoMls 
Uliillt U3rii ft ptf l l of tits llriMMNirifc i^ipyff^ •ftMUB' ftlM> MM 
<w ifngiiKti i wijmmX mA^me^ i s wuteel iiito t te teftiii aC 4^p9ftiifMi 
j)jfagi(|. flip llteitelrtMOl pPBOMMMMI tfW O0MB3tfto« OOftX W 
| j i jAtu Mnwv3Qjf Kwitjiiin SMMMV W M B U I QC MSbMMKMui idnmX 
CWbf idypii-'ICUiMi MBit MfiHilii^ Uw ox* siflixvtl. w^Ubftt teWHM* (MMHMtflMCLljr 
«ft H H I OHMT luMlt am of ftUMMteMow oricia iid«di I I M I 
im) 
oriUdUi SM tbtt 9ihtA BSMMW MP IISHMAMPMI pntoittA in tils 
S« aMM to f i l l tiw M U ociiUM of A M & B or OMKUMM tlM ooU 
omUlm at w o ^ %IJMMOO to A Tt^yJtiilxi^ ooaUtdUMu IBilo |M?irt-ftm 
tf HiaMNil MKUNHP to OMO. to ImsMi « i t l» iq^iMMtto Mtonml asllwr. 
U M ii|Ti£ii"iitiilii otoiiNiLl wftitiiiP to %IM '*iw*ip>ff3 oooto to 
lamiaiiii of «H«is* otogr* iiim And fiil^pafo* oU to fk«§» 
fSsrau tosM too ffftoioomo otoMtoto afo itoov l^to» 
1%o rtL(jnjgi]ii|ilii oanMtoaltoB tam lOfoatod too *iittnl oomi of 
IMunrfttiP MMMsrao to ptfUoBtoP &uA too IkHPtoiflf MNMMNI OOOX OMHa 
toi (OMVoX^ to oorilato fgnuSiytst owmto of oluoniT orittov toon too 
oontoJyo litotop tHostttM of otoMmSk ootoMf tooft too WPMSP '^f^X owwo* 
Z B UM0&9$3ig too ^ y ^ l f f ^ f l j MNIOBSO ^!H^?f> W O OOMBIdNifttoolar 019(0 Oto lBMf 
toto too BoKtoMP MMMUvo oooto. 1 ^ otomX Mitor to too Rootgto} 
OMito njjpttffw 00 oHRVtoA jphdwi msg i^flii to itoo* 1 ^ ymtoo cnt 
•torn oad ttonilttp toAtoa&too o ooofoo ao% wogj fBI> ARMO too Iwdyo of 
<hl|iiioltil nw {QoQF otomktoiOPi too oMk OSOBMI iwngoo of I jyogi^ to 
tooofe ooi^o. too MOMILI OiditoaF to wokto osoftoid to too tonto 
tonto. too vitoito tooto «w SMIOCOU^ ftoo ^ M V atooml li««itor* 
itm) 
fttaicy iiiilfwffl'tt'^  HMMV* H I I M I i s fjte 4tavidUM oC t^t Bmdnv 
or te a l l B ^ iHiinwtniitnl «tct«. KUft« Sit, Ha* f tteMi « SMlil* 
oir tfS4w^MMi MiMritel |jt m IHQIA of viAniM* fte wiMit tj^ptMisht fiUMwiHi 
i « Coim wai %lMi fDbvM fMlliKb* oalMails inm » nainn «MtM. OMtr tiw 
•IMMMMMMI iA nyijum d^ yMoriiMMi to |M3A WBTIDK idUUi ootMMloBft). MAMIIMI 
«r |*SJMyii teMB liMm tk is ttpmMrMil lalo 3l«alfc«, Tlw ulibMla 
bMtf ! • MMMi to M t m WKMnS t ^ tyfiai^ ff latioaiMiV ^"t* gcoiAk of tlM 
acMUm and ito gBMltor iMvAtMnm. A «Mto«r of alilMPttft aoAOM* f i iMi i t i 
ptffeJiilMi WSt9 MMi d^UMWI&BidMl l a to* 0KNMtaWt ttf tiW 4»WWiffii Qtt 
Urn l«f%* • tiiSii ^ » i 0r Iteita is M M tiM MIX ««ylU«P of ifalAt ton* 
«M iiypmpatodi idito i^ Bf'^ ltti* mturl-Hl- fte iMnAiaK of t j» tWUi viiyNiiB 
at^ fcriblo la wr tw oMtolvMf • « • • • of OO^  l» t te ftw «to*«. PriiitjJtitti 
um 
BSLMMI JUi M M b M #9f ihiilSflif M IAW fwHtf^ ft l i i tM mprtMikl/att I A dtdj^yHi* 
<»» lite l^uidnyii ofti^ LsM fc>i* aofli.^i.'Mi tij^*!*.* ^ utift f im a£ ttkMA l a M^IMHP 
aWm^ mim %» t iMi^ MwU. I I M . 8ftU (lfS9) •AopUft apUMl p * -
yMrtklM^ dMnAMX tM39WMi« tfifayi^MMfiB w n m Md li"M9r ^Uif^RcMliMi 
Hl lwte fy9 U M iiiiHfcm<Miilfla of AlAr «iiMn2«» A iiMfciM* i f «aagr 
Q^  a&MKnil Mtit w ktti pfuf'r I N M I tMwnfi wi f r iu twi l i Md 
fiM«iiiiiarar HtaiMM^ MMinrtiwi ia lowjtm iii#ay Mfcar 
im} 
%AMX i^ hnt* SoMi of f^eM feytffffM»<^ff ami MNUI tii fmfnigin AMMIM c^Mwlitf 
•i»itaiw tatjbit tiMilr Mn^Mm. TiA» im awn In tlM %mmt |Mt^ of tlw 
ImniMMaMi. 1B tte t«iiiiteiiii»« itevn in U M «iiNii> ptfft nf tlui ltgw»« 
ffaf%ttRt>y i t U t i «r BiaMniiwfft •IliMgttMiF • 
A kw^tls nonft l« Mm in fiti^ wnx^ f ig* f • f^ neiBis {tWtg 
p, $09} mmOSMm t in «FSglxi of kaoliti HOHM to tSm <t«<tcMH>orttAwi of 
uttlMOite ftibMis i f ««*'iirt» iw»^ t4w wailHi MMMI IMMH dto—rlfairt fesr ^ oMBk tuii 
^^^^WMW^i^^^HP^V ^^IB^^Wff^F^^^ ^^"^W^^^^^^^^ViP' ^^WWW^WI^^B^* ^^l^r^^WWIF ^ ^ ^ ^ ^ ^ ^ ^ ^^'^^^^^•^ ^^^^^^^"^^^w ^ ^ ^ ^ F ^ ^ ^ ^ ^H9p ^^•^^^^'^^^^•^W ^^^^^^V 
]ff^|.^w ^gfMi Mf VtSMlMlttP JmitHTlji te d^fWMQfe filljSftJMl lOilMHfal 
urn} 
P2alMi flPQCii r i f , 9 timm m mAn of tiliiiMi itapcmttart «I«ai a 
iwlMiiai l a t t t va l i i i * w ia . 
«coiii tttttionil ^fimh ^te ««U •cvthlAc of liiiaii uw fiUoA n&tfe wliilai 
wUo of %te oiSI« sad fvo Josfclng toixvii %!» oootio of %Sm eoSl oitillp. 
'BdLo $m 9iim9^ M M ia MMO of tbo oiriUo ia ilio oppw ]Ni%loii of tto 
fSC»m. P3«i« XVII» i^« $ io o NtoRq^ teioBRHpii of tte M M « I M 
-MMMJ. alMlo. tlio nititulM 4iM il>MrMt«iigtlo KiMk 
& M#HP lo Mili&a oool. of Aoi&rol jMiit j* £t So w w o f j i l» 
tlio oimiig pns^ oftJUMi of otoMftX MMMHP 19* opMiol. uinomLTitlow 
1 ^ SawiMlo iM^aM.tj' of ooia i» oloMiiioft M mptSPtSailm 
M i iMi •nMurihto itotpa. mt»»Mt» H M pov^ i^A^ «^*% "ate ^ H/\MtfM%$m 
(tlD 
•laantngi Xa MAIA mmtttlntni' • ! iMfil TmHitr dtJ l^ar SalMi la C I M * I I M 
4(HBNNi QC iinntMrtiwillnii Mil tilt ncwwrtlimifcy of iMMtlaliiwi M B I M gtiJn-
Ml«A I r «&i<*i^  itwiWitifln CiM l>«ilHi« tf9S# lip* aHMI^)* IS «1M • • • • 
• f «Mit of tlia ««Mil»9 M la tilt BaitHmJ Ma!** I te niaiiikL aiM«r S« 
ftf fifriff>#i^  •iiil^ %Mf> nf f t M ii4Mi» flMi MttMii^  iMlMni of Mib aimyni, mjttti' 
Hull IMI m^Hy Jwteift tap wA iffmtmiil o ^mwJifwMiwi t f ttoMi twnSiii 
f« !«•»«• tbft itoHmJl mtiilU»t tli« «»cX t« «i«iteA lo f i«t I te 
jdywniiJL ifttmy £BII3MM4 . ^ ywHar tupufiitilftw* liljMnUl wtti^Mf fWtfiA 
to tl l• fiaflluf 1 «M ttlMd^ plaiif ftaft tMataA 1—nfm— WMAI • • tiM cliy 
M A t^kta tente cm INI itfSf4ffi4vi3jf fiHHMtt iniir(tny iQr Inwiidlim ttMi 
InilBi'tBlT wtaitA MjMDil, MitiliMr ttf f in* tflm iit difflMilA te MMMNI AMI 
MM IMI cslJBMt ly ftlMiilMi 
H M MiiriUMUJI €QiklJRMUl MNNWIMI sn MMACMMMMII^  inrff%i]iHi 
ml* K I I I ^ %IIII BsfiittS' m l tiMi f*in1i#iTtiJ M M M W I *^ *fitfti'tfii IPBAHSMMI WMilt 
i%m 
"Pllf f tj2||||l|bp§* SMMiHHf HMMPMb b^fMlilMMMI fllMk<UMI tttl tiW RHdttHI^ 
i s H M f ittiiB iwflk* 
' UMI Sttfutatf* nNHMWMi MNv MtttXt ff<Mi% IdiSiili ant ^Hf^ fflfrfiii f ipMtsillbiV 
f^ii% mil itiftliwft to pMhHiMvi liMn^ 
te tlM —***^ *^» imM% off UMI iWilini#lil t^tdl 2 M H IMMB * nnri^Mia IRM 
M IfaMPt I s M iWltfiWMI off MifilMI Wf M l M l l l l i MHBAUUUMHI* IBIQ (gMil 
ipn off oillMiMMiMMB ovifllii M tMiMtl W I M N A A M I ipt ttoiiiilli« So vtiiMi 
111 ilMI flflor QMP •i^ |yffg^ % yf&$Ut 9f ilMHI Ift tiMI MNlX MMMi iNMPt 
VMI Miliar v i i lUA Itto «f«« ctelaf ttw «liiM(r I I U B H off t B ^ ! ^ 
CtlO 
AMP (iMMiinlni wiliiirtil In ionnMliiMi itt%h ttw jiilnnlimiliiiT SmwfctjuJliwi 
laiAtt i»Mi i a E ^ B t a i l f * B t a i 
mammJk dtwottun «f <ilMi la tiM g«-<**«^ SMMUM MMIS is M QE^ M%i^ 
S ja^ B« Apot imm Urn 9m$m «l«^ P I M M * alasr al><li la iii* la<^ 
Tf^ t^jgt liMyahi alf MtJL iMnNi ulao i3iMMi*vitd* S^IIMMP mi apiv Mnaitaiak la 
idAiitlJBP nfttigi ]^^  4i MHMtSattiA lAuili IdiMi aiowNiX 4i)n>mi1.iijn <KP ICUMA 
la tiM fttfilfmnj imt i ia N I iio SH* fita aMKCiiMMHl af MMI tlaat ilitaai 
flat 4lMHtida3L aaadaabloa df ^fUm Btttfiiwj milt **i# I M M a l^aapilai 
iNMivlMly iCdv %h# fankiiy tssA BaiiMiaJ aMMMuw #ffti< ia WPAMP Ha iMt 
fkiM aCfasli flC iti.iiiln|jff!lf^ aiwilRuNfaMi tail fwiifim pywOTfttifHii aaf ttw 
«a*l inasadiaiiiMi* 4t aaailaa IVwi ^ m^ INiiHtftay amauMi WMIIS MMNI 
MdjMfc^ id MMnMuaaiat fblMi ? atMMi* Hut fai i l l t oJT tlt« **««>***M1 iiaTwaii 
Inaa rfiom %1MI aaLi^ vM wnnilaiit IM* ^ itataua • • ttw IMUMIJL aawa am H M M ^ 
Uf 4i pailtlAttlidf aMM la tiiaoal iaiftMiPfti* fliltt lnwrtBimlial wviaMiMii iMa 
iMMa aaMrtlaA la Hut <llirfaliiiAn( avti^ iaaA la UMA diwillMU 
9$tA3jui^ ttMi fttlrtllai 4awNMUMi lAlli drata aal laanNaa la a 
( t ^ 
%B fliMMHPiWi Im In XMNMMP I A MMfWlt HMMBt lit ttW 
variii l iNi H M K 5 « M H ^ « M * IMft H M itfffttlMd Uw ««Saar&rift vmSaft of 
ftMiUif %IMMI fftali tMM (ritaMtPPtcl W wmlt^iAM MCHNI w^Mtsni* Y I M vii%lMi]^ 
•Milt mui/laA haSL tea <ia«l MHMB IIIBMF atilMid mxdA'iifln i l l ^tk^i* a^MiiM 
• M i •MlJ liMiA %mmA MilMilNte* SiMi NKlBlitPt «»aMiiii I n U M M fl0ft3« 
itn) 
^ 111^ I I M H P MagMgi <||||M itt U l a MaraUHIHBdlni WMMP- MMIMa fiMM* 
fniWMi snail J im'*Hfft i^^ Bwsksy MMUMMI softls* 4s ss% pssssss iftfrtm 
tpilfiltT* 'Qi^^ %ft^  flftslMKnpGiii sni ftsintwri »"ffliiiiistil S M M I wiMA s M S § 
sirim* YIMMNI SSSMS 4S sst> BSSSMS sildMi iAKlUi>liy I4MMI ISNWsft SSSMMIWIS* 
IhS SBMHMMyM| fJumillSf SC tiHSSS SSiMS SSSMVlJIK SA f^ «i||l^ fy» ASsSsslSldlk 
iMMPissfls IMUI I M H I ssnstdsrsil %9 bs 4ss to tlMMif ItftMw fit;Htf|^ if>t SSQIMMII 
sal mmptmMimS^ trnm i s * * ttm sUisv SSMS silksp f s i l W jrlsU s 
€li ttis IMMIS of MMdiF siMMrfMJl MitJijsyitiSSj H IS WStiljtml ssa^ 
s n slaistTlsrt ss tifHSkimt^ 
<I:M 
MiyUii MuMsf ititfttMt 
to tlM fiftfwiiftMi «r t>i» ftoU. •WMi« B«fli tXwmmn fAagr a i M t 
volift \Htb MihliKlJk ni i r ty nnMNmiid mrtTii^w ittnwImwiB- ffi A 
%iM> Mttftil ifiSJUi ttf t i lt tfiuAMKUbic JEB IMI M M tlMi MRMiMkiiil. wXlit kMNi 
& hillJH liimjt ^ nuQf fiENt 9)*$ l i i l o wA iMffifffiHiHilly Mm lylo 9 ^d ln 
M H I OC tlw iMMltfitt tAUM to I^ Mi ywHAl m i l l tiwHfit< tiui seoX JANMIIIS 
pk%» hm» bMMi ^ KiVffiA. fH* f4t« i P i 3jyii»t OWBI* t twlt iwi , i w m t A 
jto 1 MP S i^ i^ 'Wii lAlMCl lA %1NI MINI dMR|W fl!|)|MMriMMi» KIMI pSb ipilMQNI $S 
• M l to t l i H a l l i i l ttod latlSiMi* A nMlMr «f ttMtmui iwnrti i i irffrittflhr 
urn 
fiMrtMfll tut ttMl IhdMMHBdUl (DHnSMMflHl WiS 1A# MMfl^  VOHMtt MQMni- ^ff^^lM 
H H I MUdyfMKtlM &• idWiVfHiiMi i^RM ^ M ItOMMP €bnilMMMMi 4lf JllftUi Midi M^  
ntHtiRif MMift miabdWar frtlmg to tklM camut oMniiilMMi* Ik tlui ISUMI^  
ttf iMiMHP aiiiuimii|,m 4htMMriMV*« HdUi i^ niMi (NT mod I t titti0iiiit to tte 
tiMi i^flfp tanHilmiHg ia tii« dundat of tto iMNlotr and MwitMy 
MMHW Affluxtf iMnw iMNRi liUiMiftfMtaA* TliMfi tt luiilfwHiMii (Mrt^ yMtft MiliiA 
4i ffniiiiuiM ijB tlw pfvHot%$ott§ of %lio foite<iio iJMnrtbMHMi of tfmmlfi* 
fBfc|ffi^  MMOCJI Mil ojnirtiii.iiflb oal {[pwftoi' MmnilMi of apaPOi§ AoffMHlto 
noii or tafli tiaMot Atao nol fowrair tbo Idoo of llio «P I< I I I of ooili 
Ofroa^^BiwaBia^i^sif wr^o^^^^w ^^ ^^O^P^^ aa^B^o»^^wi^M^^^^ '^ F^^oiia*BBPO^ i^F*Wi^ ^»i^ ^^ TI^^^ W^HP^PWwwaioo ^I^W^^TIIF ^FH^iw^ip^a^^TOaipopopoai^p 
M i tlMWrty li*o AHMia tavo IMMWI wp||«ai I R m lanitar of oaaoa. tlw 
fUnnftJUHi of ofciooftwolly yiauai'ia^ fttwiw tppmmi to 1M # M to tiM 
MoalMMiidUMiSi BMHooaooa* BMdlfbNi ooatf MHI iMHrti %JUMMOOA voido iMt^ ioo 
oivo a>aa»fia la a MgnS^ oafteniaai atalo (Qa )^a * P»ttk$ t f i i * ) * H M 
(tH) 
t f f^ WUdyH lit •Hf iMt MidUl ttUib I^MV 4fijffl|||(j| tUflNI IMMM IMfTHtWKtl lOf fJU^ V 
M M M M I A M M MMIMI* XSMMMfy I A M M V <f«*f^ f) f|||9 lli.flHlHl- MiMMHP 4MMIIiS 
i n 4tfl*>t%i^ I M M A I iMhfe Mft mt i l lT tw p n t w l tor MNdMusbMil MMMV* fh§ 
MSMAtfy itfUHPiSL MfetMC *^.llH.*yr "tfw ^filX M V l t l M ttf IfWdi MP nNMMNlk I A 
H M lAiMlb |I3MMMI m i XW&^MBP&B MMMttPi ^ttlMiSib to IMI n M o w t * I t e 
AttHlfc aitliMNi cdf fdb« adUMBnli Aititiwr I A A i lw A M I * of AtolMyiMi^lAB o m IM> 
IMHA JMpMt I V %iM UriyMNMNMMj^ yV <0KAilAil^ iOA ^ thOK OOOilo |JB %IMAAAiMMMl 
VM^ dOA %IW **ftf'iyffll5 AiMAenMI W N M A M A I A A I I A tMNAMAlMNld l i iMk iA 
nnlaff' to dotofAloo ^ o iiiiiiiiii'lliiiiw (D£ y M %ovtoiM ooal lAKMittwikoK tto -
%0tolr MMNWfc flC vSlHMtA iA tiMI fttHtttWlJ AMUHypO iffM'I'f IM I flbOtWlA to 
MrtMNANHfiUMt lf1Al3Prt< Opt 1 A (dbOtO O S M O A H A Atlti^ ttiO pAnMBkMMO Of 
urn 
im) 
wmjmKtJm m wuam 
< l i IMMPiX l i M ) 
liMdMl ••••tf'llllMllNlObf ttlSAlM9 lltnllltll IMHIS MBit 
%o tlw MiA.* Hdyft iflflflldUiA andtai^ ftSXiA wlili IABMMS. 
•MMMNft iflMMUP &t tJMAM X%nn» 
fjiiiiitiit MMiu llMMaar 'Wllifffym Uiltnii 5 «* fMik iMiSiMi* 
( t i Niiiiwia •!»•> 
ftftiiialiilin thtrti vttMila luyidft. !BMI ¥l%ftii» IMMI ttt tlMi 
im) 
( f i iilafmi iiM) 
l i i « aM«» •••% Mda Oliiiio mHOimfw ^SMlm $ - IMfi 
M M U * ZX 
Ct40) 
sdiNi MMHtti' M #irt,-ffif mf itefft IMMM • I M C H M iMtmc 9f Itiht 
Hit pl4« «!• •wtmiA la ¥ii%l«ftl warn meA vm U^Z mtiiA^* 
( « a f T ) 
( X 9075 } 
im) 
t£ dMMilttBMnfei* lbs —ill iMi'lln *m,i<ir bMdiM iMb noi^  I i l ia 
< X W ) 
inatt«P» opaqae oE tranaibieent, 
(All nw lt«if«* an fiKMi %yyR UBIIIW «r two.) 
f l f . 1. mmf %twmm m mmm. wi l lwwl iwUwt •aaiij^i tpMHi gnwOar 
tHHwy litilHiKl liiMPias tti tlkt lia.it 4Mt0K(gMuA ii^l2i ttii liilXi 
(X3I6 ) 
I tc * 8« HaiiMBiaad wo i^ t l iOTi In <MMMMI ijitfifcint itealiat tlM ftanai* 
4kV4MM dttF Jtai^AMMMa JMHIttWMk jl SWI Mfe^Atth^MM ^ r t u i JHM^^'I VM^ft MhS^  *ALl^ ^a 4 VWCvt^Mftdhl^ka 
••111 iji dtaMnMlMil tQT IUMI fwmiMi of ttbi MPSC^MX tlilik wiSSui* 
(x tsy) 
(iM^ 
fig* $• A «B»M ••ilSflflll, VlttI of MOOdi t te^qg f lHAM 0l«ftM Of 
nim JMHNI MMIMA ^ % | | <MM|MMfk ioMMi urtlMH* nfodtaiMil on A M M ^ 
( » t«9 ) 
IMNi MMMllid^ m i l l iMi Miidinn itmiiilpMtrtt- ipnHMAni* WKIIIMP 
< » 311 ) 
im> 
i j r f lMte aittNdiiAi' MfiTttT* 
i i f • 5«, Tiwiiliiinnl tiMuRfilHt iMrtnMMi tw vilfiiji iMSii* flw fragmwit 
(A2X Hui IS|^ «eiMi art i^ mii tiiin MM^ M^ OMI «r M M I ) 
fig* t« A lummlitl, iittlfla «f fj^ *Q* vltiyiii 4«Pi<ff«i Ami jiwwi 
im) 
mml^ a^MfiMM^ MiMriLMBMI., IRM fclSiOil •IHIMlf hta(i>t<» MMiiaattlti 
C« 911) 
BaMA I teMI iMttBk Wi^ii BkMMi m»'itAmimm. JaafcA—» | «» €M|k aailkifltt. 
n<« 4* Bam MI fllMnni MMnanl thrt ttMi I^MMA aDHMUM awni Msiimiitt 
im) 
4MBfMSi9lt« S)MI OC^ Uyi MHMMMP t U f iiTt.1f.i l 4 l ^ ttM^bP' )Mltfe Mtff 
ii»H»iiii H M fSiMi <lifk IslMf iMNklSitX to tlit IMK I K I J I oiT 
(llll?) 
f ig* f» A ttMw m l l i t t t n i t t j f^ «^^Ki> ^0 t i p * *A* vliknJto #f jftntf^ilj 
l a ammr MAM. Hit » i i i a » AJMW »»» wwnil fturtlMtr 4 i» i i l» 
• £ itiJWIlitll'W Xft t iM tfVwnMMHI^ OdP LfM It l l 1 • i t lM %iafllMi 
H» W^^ftw ^^^^r ^ ^BW^^W^^WM^HiP^ ^^^l» Bi^ppi^^^* ^m^K^iWW^^^^^^^^W fl^^^^^'lP^^^F^^l^B ^ ^ ^ ^ ^ ^ ' ^ • ^ ^ ^ ^ ^ ^^^^^^w^ ^^^^^T^^^^^'^'^P^^'^ ^ ^ ^^-^^"^^p^^p^^ .-^ 
im) 
Af iUwi Mills i l l tlEMi lomr pii%* 
fSg* 9* liBH.11Hi1tm1 •lOtloii of (i ^tite %iMSMi ttw<4Bt ftiiiillt i n tlwi 
I t l i l i M l % l ipt t tMl M U i M y * ten 1$ «- fB«% tMUAtt* 
flK* I* CffMS MlilliilluJL filHW « f iMUrti f^ KflJTH tlllnlH ti l l tillll»«Mlliittl t^ UUMMl 
OMI t t i l i iMinxt %liPim twytiir ivwAtA* IftM ttiliiiltiiiwlltit %SJHMMI 
aam twinwia «f tHaiui M U S of iild«li %te ooU. oawit^Uo «P« 
ll^ UftHy iMidhiMMt oai iiiptwF iftirlt-ll.hit i UMI ttdLili»iiftilloA ooUUi ovo 
•iott toftlatoit Hi o fo» >1oon% ik% oUior p\»m9 Uu9 asm Sh3 
im) 
( » 121 > 
{mm) 
Mft lOifll^Hl MfIMm lllltflrtH <iQMHPtMl0B« tilt tlfijrtftlft %MUl*> 
flC* 4« l^ufii iKlMMi l a SMii^ UMdttsi^  liotilnn tifMBrtyw (MMiils Sa Ww 
MpMMUA3i3f to t in IHfl yti|dKMMH(l SdUlt* 3^ OtiMV 493ij4lj| UMI 
df fitel 9fl3Ulit iffiH%if,it VHitotKis MiA%i9i^ » 
( X ta») 
%p^wf 
Ml MMM ttMH^Ul Mfff^lp §11 tfttrtl iM lMf lAMMPtM QHMRPV tflMMP I A 
i l d l vlaMf i n t t e MOM o a l i * U M I fHi^ffll^ I M M I I M I ttHMtv* nHtaKIM 
Iff^ 9Htfn| VWNNMWlto MHrtftifHlliHit. ItMftWWtlW OC %lwi MASHMJUU 
«£ M j i - JL t lM **«*«'t» ttM MMMI %0 MNllMilEI **—*'^** MOftMri^ • • 
iA tiM m3X mti»9* vtifii&ii ttwiAxm «wb oMtiiwifc wax g t i i i tm 
(lit) 
( i t M ) 
tlwir In i t ia l afeaiM of gioMlh. fmivi t %&• top l i lMt ta l •&Ai> 
MMtlttP alunadfl «^ thlirtii Millnit aalla aaauoft 
fl§» S» imniiinitml int lau o^ f i^f i f f t t t m i iteMi la TSu* t« 
41* itfw tfaSJa la H M MNftiv MNI puptndnatlMMi and lyi>api3av 
la ifti#a« iaaU. ptvlaipilir tMa»iMl2«d etUa «ra mma ta 
aMi* laid ttia l i i in r aal MvlaUy «V«I«B«A tt«21a of tiM 
aattttadanr teatc* Qa ttia i*i^ btfe« tllilBdiwMiil^ al mllii of Uw 
^B^^^^^^^^^^^^*^^^^ j V ^^^W^^F^ ^ ^ ^ ^ ^^^W ^^MP ^ ^ ^ ^ P ^ ^ ^ ^ ^ Jl ^^^™>W^^p^^Fy m^PPnV^HIMV^^V ^iP'l^^^^W^^P ^^^W ^ W ^ ™ 
C» tai) 
dsi} 
mttWfUk^ i f MMi|PtlldUNI 1^ 1 twH.IHl^lft Iflf lito iMniilll <BKf iMMl idf 
fif» $• "SffwtftiuKW lifltwltf iC till ill intlKl BtTlt la • 
BfUiMnniii MMH^ SMIMM* milTitiifij top ft *• ftvt/^ MMKttMi* 
( » 3 t f } 
Ctit) 
Pli . 4* A U M M t f iMilc 
(fH) 
M M W M M M I IfillillfHf MNI I^ NNMlAa 8&iiJl|MnRAiitBi 9§ U M I 'tnHr 
1HA14 IA^ OHMHP l^ iMMMI MHrtfcHHI MNtMHiiP INMdLft* 
( 1 1 4 0 ) 
INMHSII* IShS m i i i u l wUUUl f-wyfuy ffif^lfi f ^ (MtUL O f l M W i 
llBlfMtiNto wfff4tiltffM| illdA9HUi£llNi 9^l0&l0U0lk MMMHPMbM fMllt 
i)>n><lmirtl MMM^bw fiiMdyA* 
( »J iD ) 
iMldMB lik ( M W I M I . p i t Opt VBA. UfeP OtMdy l^Mt ftM iMMipiiilNlA lAill 
( X S3» ) 
(t») 
ffiMtt % ftPMMi MKUMN|31 liltW fC WBNrflf I A $^ttl$X$MltL 4BVrfSM^ UMBif IllMHPiii 
liM^Uli fyNk* MAX myttliHt flM f^.^#ff 1MM&3UMI ^HNMUP M AMMI 
BttiiLi MMtta SHi^ni OBUlanrA badfcMi 7 •• fSodfe wMkiMU 
'fin* 3U Ti^tMft|ji3i3y M H fiiitirtitrt %:MHMM of woodt *^#|^^y fttiiti- I M I 
Mill §mm$ 9i%tMtm$f i»l2i«iy» itfiAil* f4 » fM% ttrtiin. 
Cfl^ ) 
pt».- s* MMiuM^mm « i IAMMMA l ift fcjM tr^ywHi I s Siitamfllr tt^tiSuA wad 
tliiytk»y WMHNHNM) 
i^Uto«* XXSX 
9§.m. t> BUMia »»***>'*«> WiiKI> l a ttiiliMla Q M I OfelMMf lMl1>r iMIWMlliHl i a 
*••<»*—^ Miftittp* Ttnonii, •JtilniltB sal iin1n l^ trfWut MM fa • 
tm 
Cat fai> 
VIM* 8* OMMAIV AmdLA BiPirfMtaMMjf INMMMA OC flMMMi MII^WP* fttgyBh-
Its* 3* OvNilJt AtnAns imniyi't witiiw ia "wuribon* tlMipHt of iUi1iitintf» 
to ttoiw MMn in f lgt , t it 3« 
CSMtlMMi MMMMNNi) 
fig* 4» fSslfttiii i l i i p i «M novo iiw'iiiiimnt. I te tftmdiii wnytiiui 
• M mim la laigop <panj|l^ (loo. A oliuiUr of 4»it fevowi yotlA 
(tH) 
(mm) 
fltfa §• MkMMa itaM&A '^"^'j^hm tihMt9 MitSlaMi odT ilui wfiMui iaEMiiiiBte* 
{mm) 
(ItJBlflMj iMwuifi #iivg|A (Willi tiiitHi #11- DM fi,finnn nw 
ANMI tliStt wMikiiont ttf MMAJ 
fie* t* Bmn i lmt i i MMMiflad Miatlr of tlt^M ifcrtiMi Mt VM^BMIJI wad 
C « 131 ) 
( « 7 I } 
im) 
Wi§m $• 9ami» iliiiflffs lii#3^ •MHjiini. plMil ftN«pinl» In vwying^  
states of 4liia^pMKltl«k »Hl I^MfMOto «!» IMpwtA oT WbM 
BBfiili iiwtiiT •§• tifitWi ttifiirti Hiiiwwil in^<i* t« W H I T <ti« 
M t t , 4 . (TiBllii itllffllW WtlrttMifliflg lOBHMMdLiil^ Ui MHHMlUi ttf nAfeM^JI «ifcirii«M»-
( u r n ) 
ils* S* *^|fily arty #gi>'irit.it oyiy MfnMRtliii UMHUP M itwniMtil MMMlti 
( « f t l ) 
(AU Urn fliWPM «iP AfMi tliiii itrttflnt «C «ott2») 
Pig* t. A aBP« «r I P M •fl^plpttiv' pifrnmnmA «l«RMpoiw«iMi Imir 
am 
BuMrtHM!i •••% mwt fiiHi.WHti tfflHliiyi top ttt •» HMft iiirtlim 
0kmitim mmmm)» 
*hi> IMI iaA U M m i l i s Mfe Mi l l ttPaattNIld* 
^ ^ ^ ^ ^ ^ I P m i ^ ^ ^ ^ ^ f f ^^^^^^^m^^^^^^^^^ ^^^^^^^^^^^^^^^^^^ ^ 
•BlAt TjfKllllJblT to iMk ttW M i l l #^ S M^KUCNHnMlpbH* JQl MfNMMNl 
CSKHICIMJ MMMNBMM) 
( x 4 f ) 
(in) 
WPIBBBr"^W ^^Wl^^^^W^^ ^^^H^Pi^^^J ^ ^ ^ ^ ^ W R I W ^ W ^ W ^ ^ ^ W ^p^^ l f fHH^vn^^v^B flf ^ ^ ^ ^ ^ p ^ P ^ ^ ^ ^ ^ ^W^^^^^^^ WP^^^r^V^R^^^^^^v 
<Bnitl'HH^ MMUMMft)* 
(nil. %jtt flgllTiil H!<t fiNM IdyUl MttiOlMI IKP t t i l } 
iSkmm «kiiMlHPt» YIM fitMMla btai DM ton* aiwMA tii* iniil i 
U s * SU ItMlftl it IHiWlWW M I M M M I itt IfSlMNilJI ttiWli #M1 f lut l l f tliiMil^ 
( X 0 ) 
(xS9 } 
im^ 
C » 119 ) 
f i n * §• A >*i**>ii«»' ^ttHBttmmiA waadar tiJiini tiiMdLMi %iM tMuiwiifa f t t t a i 
JHk%^ _ ^ A^I^Ltk ^^^^^^^m. jV^M^flfc tfHi^wt MH^MK 4 H ^ A ' W MSfl^MMM • ^^hkVJi^h AttHiMkAli^M 
I ) . 
CA21 M M fiiMNMi iMi fMMilldyB t i i t lo i i i flf M M I ) 
f ig * 1 • A ffBffll* liBNMI IliUliltlit t a IKilUNdUb 
CfAf) 
f^bgm S* lils!UMttMI |M0%liitt2>23f tfMitMKlMI Ifltl INl^ . Wf ifl^fVtiUMfB i s 
C x f « f ) 
flNwillSlll flMMtSIFb ijnijtttfrit.fi. j Q ^ ilMlft filial' 
fli« M^ |fk» IKMNQNI* 
MPMH 
iMdi^  liaiE» JMU* *»^* * ^ **• J» i i^ • » 
Tiiiifcai; K.' ' nil* flnft. U p . |S|»« f i ^ If mm t« 
HMtftei^ Vicf. Ct i i l ) dft t lM fiaaliMiiil fi|g|y|<||«iiii ^ ^ ttilitliiii i f i i t t 
i^^WWWw ^^" % w .i^w«jf ^ i^p^W ''^'^^^^P^r^HBPwBlP^WI^ ^I^KB V W W ^wpTHUWWf ^Wwl W ^ i^^B|W^iW M^^^ IHv 
f l i ^ Tf Mi» t i f |if»». lyfyMli^ MU 
^ E J . * ( t W ) Aiot i i i , f iwi S i i te f tHMlNiSMiMi f t iw I fMr 
B^^Lm, Mm OH^MMttt i l H V A M U M B J U IkKtm fl^U A m b JiiA»* 
vpvpMPMi|p w^m ^^^^^^p^i^»^wip ^^^^^ ^^ i^pw^w^^ ww^^  ^ ; j j^[gy flMHK^ flMHRMi' wKltKIK^^-
(tH) 
UMiMfb !*• IfUS) CtaMMI la tiW OMMlliHlIail Ull Ite QtMam 
HWIJWII <!• »»«il» wfi* W'im* 
«o^ XJQOf« IP* I M 9 * 
IMU Miib JWI* lift* IMU* ^^^^^ ] £ » • •K«l^» 
if9§k} StSkmMLik lltt JMiiii Ooi^ Uu ni^rt <^ He* AMI* 
BH* OR* oBi* MWb* ^ wU m§ lit* I* ||N» m»4imm 
V^^I^^^HV^B ^^*9 ^ VIP ^^^^^^^^^^^^^B^^B^^kV J^^^^^^^^KIf ^ ^ ^ ^ ^ ^ | H M ' flt^^^^^E^LV' ^^^^F w ^^^V ^^^^Pi^ VHffV^^^Hp 
UfS9;« pp.47-51. 
BM—i liiiiri- iaib oofti. ii&* IML. jbui* M » « 
Vol., %r^^* TSnrm* ^^w^ 
i i i * AHA* dnc* iiiiA«» ^ *^ ^ v *^ I* vp» ^ 9 i * 
ttutUw ^'M* (1989) flMiyUu I|ri|» 9iiX* i» Ho. •» pp. W^m* 
fX" 
im) 
J B D H 
IP* 
fiwwittj S4I« 6MX« f i l l I 1 ^ . 30» ll»* 5« yp* t09^tl|. 
Jul* liift* JMnCi i*^ * *^ * 
.. .. ( t W ) AmliWM «f IMttJii Oifll«« ^T**^ ^iHi ifTrtit* 
IAM3«V» ft«f t • 
IdlHyfl- ^fflf tip* 
M U l A«'iS»lM4 ifaliijw. BM|« S H ^ I U I . JU^t 
' I f f ; foil io» f t . 4« m* JOSi 
%liHi ttjt 9mm ZMiM VUiidwi* M | * SfaRlik* JMEE 
im> 
M»M«MMiM>M 
• M M 
•^^^^^(BB^P ^ • w 
(tl9l 
( f f l i ) 
(ifSH 
(tfl7 
(ffSM 
MHMMHMlNhp ^ V V V M I ^ ^ V M V M H W ' P J^^^^^VS a^^^K^mr Jj^H^^^^ ^^^mp'w 
'^VM^M^HM^VHB vr^MRtM^^A^MPMPv a^^^Bff JM^BBK^K^ ^^^^^Hj^ Lv ^H^HL^Jp 
w w m A i l M b I . M M » * l t . ' H £ A •• 
iolNi On OilMbv T«il» Ifii* Ittili ftfBtffirn fltnig, 
Att* tel» IKS* Jbil*i *^ *^  ^ u ^* s* n^« 9ih9^ 
iMd^ IKS* JIA*» vti* M* 
DMI Tmiif ninfliwnt fftffllfltlKIt ftf Iiid&»* iHi* 
Ssg^ fUKi^ M*» ^ ^ i^ * 
im> 
«M«M*HMMI»aNMtM|IIMM 
«i^»4k 
MMMMMMMW 
MMHMMMWW 
4M»MtHMMMHMM((tl ' 
H W M i M M H 
MMMHM 
i¥lli^ KuriHWWhMiwra nP ffiiial« fynti Hia Wntiir fvad^\ 
JBtt ||||« IblMii' Ti^^fif Oi^iSa' nMMI« fli^ Xi l ( l« 
•Mil A M U <6i tflMi flMlHMi* CMUttiinPt SMdhBttii 
WiMPNi TijBi^ nti^  9«4iiiiy I B MMk tmiginj (iNdk 
MMM 
(fir) 
•MMMMMMMMI 
^*>^* iM^ Sulk* MBC« M M ^*^ iOf ^ * ^ 
PIP* 3HIMjifB» 
I^NIft V^^V ^^ViWM||B|P4MbJB ^nWMlMiAi'Mli^Vi '^^ w •EHHJi^^ fl^^BBlF^ S O H I M K I 
(imt) A t M r 9i @Mnb«iii Hitflaii GOAIJI* | | | » ^ g ^ 
M9>* 
(SMHtttlli !•?• * I I I * |g|p MniL* t ^^ »3^  ^  |l|P* iT^^lt*' 
# 
• 
filiSU AlKI* JlriUi ^^« ^ » ^ * 9^ PP- 2$3-3i9. 
mriiaAab 0 . Cf9l4) flM WlflwiiiUMiljt t?iiit1tiitlliw of QflMJi* jMt* 
(1917) A mmtrnmim u ttm is«i»-Mi»tt}Anr «f 9MX, 
M i * IBft* i8i«f VM^ 8» M« 9t lP* t |Mi l . 
itm 
HMKIlMli Of 
' • '^^ \1„ ffW 
e. 
If • •1i«K« 
(mi) 
(i«li) 
CiKSai) 
(fiSi) 
(fwr) 
urn) 
( I f to) 
(f«7) 
(fim) 
( l i f t ) 
( t i f f ) 
mii^iwiitif i ju Cffstt) 
Unit «f (MiiStt* 48K« i lM l * i M l i ' V«3U f«. 
WUyuyMi HMMMI 'S 'HIINMHPMUUNMI OH Gottlibi^  
f ^ * S M ^ lHl*illll* A)i*» *»^* ^ ^ * ^ 
ftp* JMM8P* 
)INHNAJI f!piif* JbgHft*' JSHfit*' ifiS* Ml * * ^ '^i^ * ^^ 
OMUNCMNASIMI •ad i t * Thdititloii totir fNt 
Brnfa OMIA* I O M * ttlKfllA* ilHl» U » » 
iWU wf IP^ * 23^  IP* tUfotvl* 
fli* Atf f* GMUIUIA* |tol» I M U SSBBL' JM** 
Vt^ ft IHb* J* 
llMi MKVO QoftafiitM* n ib i iB l * Anr* l i | .« 
VONM ffy r « « <»• 
*MHP ^MWNPVYHRKi|F4w w^MwiMV'WHnMivJi^ • H ^ B ' ^ ^ ^ M B B B I ^ w f l ^ S b tfli^^B^v' 
VMk* Tf Fw« 3 * 
VdX* 7* ffc* J* 
H M UmAui faUi^r ftwHltM, fi^* I M * M l * 
JQl^ f n^ U liJIf M* I* 
GMO. «MI ttt OartimiuitlBn. £HA» l» i . I« i»*ab 
mtMtmmmmmmHmmmim'm 
mmmm 
am 
flip Siiviliam tlF UMI QMIIIMMI HffftTw §s9i ite 
JHHMr* S*9« <t9t|> fitt IMA «f Ov i i^ of Owd* i ^ * I M » » 
iH^ il%« 
IME* l i i i * I t t t l i * * ^^^ *^t I*** t* f t * 
lift* IM** ^if^tt* 9i>« <49^mr^  
l i l M ffiflflalrt Md ] ! • rmlialilii ManlAbfttMA* 
M-ffifll<nr V<^ l^» ^« ' t IP* 9MII* 
Maim, (1191) WiMlMllrtm't Af Goal MAfolitgr* IMLi ^^* 'iv 
i» i«d* * •» , tt |i»« f^fS* 
a* 
OMifi^ aAt an* n g u A K I * JM»« V«3U iR» 
f t * f« , 
mm, ^Ji« Cina} amiMit* H M W I of OMayngr* ftif^iilrfflTh-
9* its* 
SMNMli «§ Mi* A*i» |i|l» m^Sm* 
miii^ ilJL 
(m) 
liipit f. * Ctw) fnQMMtiiii or BMN^ ^ 4«ua«ui o«tUfi^ 
i» f* «iiliBiw | M » INil* 9» >»« tt» I t * la^lSO* 
liMHi «^ (tftf HM IQMMMyiMl ymrriliil-l.rrT i f 6M9L MMI H * 
yywirt fiMPti** ;:Mni* i M l * IBft* ta*» 
mm* 
«IM 
<l|iy MiKwitinii 1M a mmA$ ttf «li» ftinw sal 
DP* f9MI^ 
^^^^K^M <I^ VHN^S V^Mni^w ^^ ^^^R^^M^^WnWy 
(Ifl) 
iHi*iHaK-« "^(^ *^% »»• «• » • www©* 
mOillirtit *, A (nut) imm»^*'»iii^^^^lf''99^f^^^^ *Slm%^ 
MMMMaaNHIMMM (1917) fUm mmmu^Mm iti n^lktkU MHUr 9mm 
MB** m§ |(P* §fr*fl# 
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ABSTRACT 
The physical, chemical and microscopic changes brought about by the 
atnision of a mica-peridotite dyke in the Dishergarh seam have been 
i i ^^ga t ed . 
\ The vitrain bands show distortion, folding and fading of lustre. Near 
tne contact the coal is converted into ' jhama' which shows columnar 
structure. 
The chemical characteristics of the coal show more rapid changes on 
approaching the dyke. The coal has been affected up to a distance of 8 feet 
from the contact or slightly beyond, but is practically unaltered at a distance 
of 11 feet. 
The microstructiu-es of fusain have not been affected. Vacuoles and 
cracks appear in the vitrain bands which increase in number and size as the 
dyke is approached, These are pow fiUpd with spcopdary miiier^ matter. 
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INTRODUCTION 
THE Raniganj Coalfield, an important coalfield of the Damodar valley, is 
situated about 130 miles north-west of Calcutta within longitudes 87° 20' 
and 86° 36' and latitudes 23° 32' and 23° 51'. The junior author visited 
the area during the winter season of 1954-55 for field-work in connection 
with obtaining suitable material for petrological examination of these coals. 
Representative sets of samples from all the workable seams in the different 
collieries were collected. The petrological investigation has been nearly 
completed and the work is being submitted shortly in the form of a thesis 
for the Ph.D. degree. The entire work was carried under the guidance of 
Prof. P. N. Ganju, Head of the Geology Department, Aligarh Muslim 
University, and the present paper constitutes a part of the main investigation. 
According to Gee (1932, p. 21), the succession in this coalfield is as 
follows: 
Recent and Sub-Recent .. Alluvial and lateritic deposits. 
Upper Gondwanas . . Supra-Panchets (of Panchet hill, etc.). 
(? = Durgapur beds). 
(? Unconformity). 
/^Panchet series. 
j r Raniganj measures. 
Lower Gondwanas ,. ^ Damudas. < Ironstone Shales. 
I I Barakar measures. 
(^Talchir series. 
.. (large unconformity). 
. . (Archaeans.) 
The Barakar measures attain a total thickness of 2,100 ft. and inc l^ude 
seven productive coal seams, while the Raniganj measures are 3,400 feet/thick 
and contain ten productive coal seams. The two measures are separated 
by 1,200 feet thick Ironstone Shales. The Dishergarh seam is the Jfourth 
seam from bottom in the Raniganj measures. 
TTie Raniganj measures of the Dishergarh-Asansol area have been divided 
by Gee (loc. cit., p. 200) into five stages as follows: 
(v) Bharat Chak-Kumarpur sandstones (300 to 350 feet), 
(iv) Chinakmi-Fatehpur-Bansarakdih coal measures (650 to 700 feet), 
(iii) Seetalpur-Aldihi-Manoharbahal coal measures (1,250 feet), 
(ii) Sitarampur coal measures (400 to 450 feet), 
(i) Ethora sandstones (650 to 700 feet), 
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The seam under discussion is contained in the Sitarampur coal measures 
of the Dishergarh-Sheetalpur area. The sainples were collected at Pit Nos. 9 
and 10 of the Sodepur colliery. The seam here is 17 feet thick and strikes 
N 71° 45' E with a gradient of 1 in 5 • 5 due S 18° 15' E. The mica-peridotite 
dyke, 12 feet wide, runs in a NNW-SSE direction and its contact with the 
coal seam is exposed in the underground working 500 feet east of the shaft 
level. Ten samples, including those of the dyke, were collected within a 
distance of 11 feet on the eastern side of the dyke. The location of the coal 
samples is given in the table below an^ a shaft section of Pit No. 11 in the 
Sodepur colliery is shown in Text-Fig. 1. 
Sample No. 1 2 3 4 5 6 7 8 9 10 
Distance in feet .. Dyke Dyke 
and 
Jhama 
mixed 
C 0' 1' • T y 4' 5' 6' 7'6" 11' 
The Gondwana rocks of the D^modar valley coalfields are intruded 
by a number of basic and ultra-basic igneous intrusions which have affected 
the coal seams. During his survey of the Raniganj coalfield, Blanford (1861, 
pp. 141-49) observed the occurrence of igneous intrusions in the strata but 
did not differentiate theseioto mica-peridotites and dolerites. Hughes (1866) 
has differentiated the mica-peridotite and dolerite intrusions during his survey 
of the Jharia coalfidd. Holland and Saise (1895, p. 132) have described 
the post-Damuda mica-peridotite and basaltic dykes of the Giridih coalfield 
and their effects on coal seams in the foUowmg words: 
" Even the narrow dykes of peridotite, where they pass through the coal 
seams, are bordered with a zone of beautifully ctolumnar coke two or three 
feet thick on either side of the dyke. Th& volatilfe bituminous matter having 
been driven off, the resulting contraction in the mass produced a columnar 
structure with injections of thin films of igneous rock along the cracks ". 
These authors also noticed an increase in the ash percentage of coal on 
approaching the dyke. 
Heslop (1899^1900, p. 415) examined the effects of dolerite dykes cjn 
the coals of the Natal coalfield and concluded that no definite rule can be 
laid down to determine the distance along which the coal is affected but 
roughly speaking " the coal is found unaffected at a distance from the dyke. 
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TEXI-FIG. 1 
equal to the thickness of the dyke ", Describing the eflFects of a 22 feet thick 
dyke on a Natal coal seam, Stanley (1908-09) observes that the coal has 
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evidently been infiltered by mineral solutions and 18 feet away from the dyke 
the coal was practically unaltered. 
Russell (1904-05, p. 241) examined the eflFect of dolerite dykes on the 
coals of the Cape Colony and observed that " the coal was affected on either 
side of a vertical dolerite intrasion and the following are some examples: 
A dyke, 5 feet thick, affected the coal on either side to a distance of 20 feet; 
8 feet, 35 feet; 12 feet, 50 feet; 18 feet, 50 feet; 30 feet, 80 feet; and 30feet, 
200 feet". He concluded that the area of coal affected was not proportional 
to the width of the dykes. 
Whitehead (1904-05) observed the effects of whinstone and dolerite 
dykes on the Transvaal coals. The dykes are 1,000 to 1,500 feet thick and 
have changed the quaUty of coal within a certain radius according to the 
size of the dyke. 
The burning of coal by dolerite dykes and sills in the Central Coalfield 
of Scotland has been reported by Hinxman et al. (1917) and Carruthers 
and Dinham (1920). Regarding the effects of the whinsill on these coals 
Clough et al. (1926, p. 58) state that" the coal is not only altered in character, 
but is^lso thinner generally". Briggs (1934-35, p. 193) commenting on 
the temperature of the whin sills says tiiat " it seems probable that the tem-
perature would, as a rule, be under rather than over 1,000° C." 
Marshall (1936) examined the effects of the 17-foot Westerhope dyke 
on Brockwell Seam in the Northumberland Coalfield. He investigated 
the nature of the physical changes by studying polished blocks wherein he 
observed the distortion, folding and faulting of the horizontal laminae, com-
plete destruction of structure, appearance of vesicles and cracks 
which increased in number and size as the dyke was approached. The 
structure of the fusinite, however, was not affected. The results of his chemical 
investigation revealed a most rapid change between 2 and 3 feet from the 
contact. 
While describing the thermal metamorphism of coal seams Marshall 
(1952, p. 139) states: " The alternation produced is related to the temperature 
of intrusion and the amount of heat available, the width of the dyke 
or sill fissure, the period of operation, the character and particular circum-
stances of intrusion ". 
The caking effect on Indian coals by igneous intrusions have been studied 
by determining the proximate analyses of coals taken at various distances 
rom the dyke or sill by Hughes (1866), Bose (1888), Fermor (1927), Fox 
1930) and Gee (1932). The burnt coal has been named * JhSma' and regard-
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ing the origin of this term Fox (1930, p. 130) observes: " So 
far as I can discover the term Jhama was first introduced into geological 
literature by Dr. Saise in 1894. It had evidently been applied to the naturally 
coked coal in the Giridih coalfield some time before ". The same author 
(1931, pp. 59-60) wrote subsequently: " I t has been the practice for many 
years among mining engineers and others in India to speak of this natural 
coke as Jhama—-a vernacular term, normally applied to overbumed and 
fused bricks'. 
Regarding the age of the Damodar valley dolerites. Fox (1930) is of the 
opinion that they may be probably equivalent to the Deccan traps—Middle 
Cretaceous age. Gee (1932) has shown that the dolerites of the Raniganj 
coalfield are younger than the mica-peridotites. 
EFFECTS OF THE DYKE ON THE DISHERGARH SEAM 
Physical changes.—^The dyke has produced 2^ to 3 feet of ' Jhama' on 
either side. The burnt coal (jhama) has lost its original banding and lustre 
and appears dull. The zone of ' jhama' is divided into a number of columns 
which are highly fractured and filled with mineral matter. This shojyld be 
expected as a result of sudden heating of the coal by the igneous intrusion. This 
phenomena, seen in Sample No. 3, is illustrated in Plate XXXI, Fig. 1. The 
fractures appear white and the characteristic banding of the bituminous coal 
is not seen. At a distance of two feet from the contact, the coal shows traces 
of original banding as revealed in Plate XXXI, Fig. 2. The mineral filled 
fractures are here clearly demarcated. 
Beyond the zone of ' jhama', the physical changes undergone by coal 
are distinctly exhibited within a distance of 3 to 6 feet. The yitrain bands, 
now more carbonized, show marked crumpling at a distance of 4 feet from 
the margin of the dyke as shown in Plate XXXI, Fig. 3. Further away, the 
crumpling becomes less marked until at a distance of 7i feet, the"'coal appears 
normal. Plate XXXI, Figs. 4 to 6 show this effect clearly. 
Apart from the crumpling of the bands, the appearance of coal has 
changed markedly. As already stated the burnt coal appears lustreless. 
The coal gradually regains its lustre. Sample Nos. 4 and 5 show dull lustre 
and further away the lustre is normal. 
The crumpUng of the bands indicates that the constituents of coal passed 
through a plastic state and the extreme folding denotes compressional pressure 
during the period of operatipn.. 
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Chemical changes.—In order to ascertain the effect of the dyke on the 
chemical characters of coal, the proximate analyses, carbon dioxide, calorific 
value and specific gravity determinations were carried out. Results of the 
chemical investigations are shown in Table I and the variation of various 
contents is plotted in Text-Fig. 2. 
tO.»» 
4 S i 7 B 9 
if/cife/iiMt DiSTMt/ce in feer • 
TEXT-FIO. 2. Variation in moistuie, ash, volatile matter and carbon dioxide percentages. 
andcalorificvalueCB.Th.U.) in Dishergarh Seam as a result of a mica-peridotite dyke intrusion. 
The results show that the moisture, volatile contents and the calorific 
values decrease as the dyke is approached. On the other hand, the ash and 
CO2 percentages and the specific gravity increase in this direction. 
The faU in the moisture and volatile contents is clearly due to the effect 
of the heat of intrusion on coal. An increase in the ash percentage has resulted 
due to th« infilling of secondary mineral matter in the cracks. This also 
explains why there is a higher CO2 percentage in samples closer to the dyke. 
The fall in the calorific value (as determined) is obviously due to the high 
contamination of ash in the coal. 
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There is a sudden fall in the volatile contents from 31-66% to 15-34% 
in samples which are at a distance of 7^ feet and 6 feet respectively from the 
dyke, indicating a loss of 16-32% in a distance of IJ feet. In the sample 
5 feet away from the dyke the volatile matter has dropped to 8-92%. After 
this, the fall is more or less regular and in the sample two feet away from the 
contact it has dropped to 4-32% (COg = 1-248%) and increased to 4-87% 
in the sample one foot away from the contact. The slight increase is due to 
the higher percentage of COg in this sample (CO2 = 3-464%). 
The moisture content shows a gradual decrease from 2-83% to 2-14% 
with the decreasing distance from 11 to 3 feet. The sample 2 feet away 
from the contact shows a low moisture content of 1 • 62%. It has dropped 
to 0-74% in the sample one foot away from the contact. 
The ash percentage gradually increases within 11 and 3 feet but in the 
close proximity of the dyke it increases rapidly. 
The trend in the increase of specific gravity is a gradual one from 1-43 to 
1-73, but it increases abruptly to 2-19 in the closest sample due to high ash 
percentage. 
The caking tests have revealed that except sample No. 10, which shows 
B.S. SwelUng No. 1, no other sample yields a cake. This is due to the loss 
of caking components on devolatiUzation. 
Effects on microstructure.—In order to investigate the efifects of the dyke 
on the microstructure, studies of the thin sections and poUshed blocks 
were made. Only sample Nos. 9 and 10, Which are 7^ and 11 feet distant 
from the dyke respectively, could be thinned sufficiently to yield good 
sections. These samples did not reveal any distortion or obliteration 
of the microstructures. 
Sample No. 8, which is 6 feet away from the contact, shows a drop in 
the volatile matter to 15-34% and thus being more carbonized could 
not be thinned sufficiently. The examination of pohshed surface revealed 
that the vitrain bands contain a number of small vacuoles due to sudden 
escape of the volatile contents. These vacuoles are Med with secondary 
mineral matter. The examination of other blocks closer to the dyke showed fliat 
the nimiber and size of the vacuoles increased nearer the dyke. Plate XXXII, 
Fig. 1 illustrates a carbonized band of vitrain showing niraierous vacuoles 
but no trace of cellular structure. Besides the vacuoles there are several 
cracks, now filled with mineral matter, which must have been formed due to 
shrinking of the vitrain band on cooling. 
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The number of vacuoles has increased to maximum in sample No. 3 
which has been converted into ' jhama'. Its high percentage of ash (37-98) 
is obviously due to the mineral matter fiUing the vacuoles as seen in 
Plate XXXII, Fig. 2. 
The fusain tissues have been noticed to retain their cellular structure. 
The sample 5 feet away from the contact, shows cellular structure of fusain 
derived from wood as illustrated in Plate XXXII, Fig. 3. The cell-walls appear 
white and the cell cavities filled with mineral matter appear dark in the photo-
graph. In this tissue the fusain has retained its structure due to the presence 
of mineral matter in the cell cavities. Secondly, being highly carbonized 
prior to the intrusion of the dyke, the heat of intrusion did not bring any 
drastic change in the tissue. Although the tissue shows ' bogenstruktur' 
at some places, especially in the upper left-hand side of the photograph, such 
type of structure is frequently seen in the fusain of normal coals. 
Another well-preserved structure of wood in fusain showing clearly 
preserved scalariform thickenings is seen in Plate XXXII, Fig. 4. This micro-
photograph is taken from the sample 2 feet away from the contact. Traces 
of structures in fusain were also seen in sample No. 3, one foot away from the 
contact. 
It is clear from the above examples that the fusain tissue has withstood 
more firmly the effects of heat as compared to the vitrain tissues. 
Temperature of the mica-peridotite intrusion.—The temperature of mica-
peridotite must have been high to keep it in a molten state. Describing 
the petrology of a number of naturaj cokes, Marshall (1945, p. 126) writes: 
" During the cindering or coking of coal by igneous intrusion into the seam 
or closely adjacent to the seam, relatively high temperatures were prob-
ably attained (up to 1,000° C.) under great pressure for relatively great 
intervals of time ". Pascoe (1929, p. 137) observes that to make a coke of 
the composition of jhama " requires a temperature of about 500° C. It is 
to be concluded, therefore, that the dykes of mica-peridotite could not have 
been at a very much higher temperature than 500° C. " Fox (1930, pp. 
142-143) is of opinion that the fluid mica-peridotite " was probably at a lower 
temperature than 1,200° or even 1,000° C. " Clegg (1955, p. 14) examined 
the effects of a mica-peridotite dyke on the Hamburg (No. 5) coal, Williamson 
County, Illinois. He found by differential thermal analysis that "the maxi-
mum temperature at the coal-dyke contact was about 600° C." 
From the above it appears that the temperature of the mica-peridotite 
must be fairly high during the time of intrusion and this accounts for the 
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crumpling, fracturing and formation of natural coke in the immediate vicinity 
of the intrusion. 
That rapid cooling of the margins of the dyke in contact with coal has 
taken place is apparent from the small grain size of mica-peridotite, as seen 
in Plate XXXII, Fig. 5. The normal grain size of the dyke sample from ^ 
central portion of the dyke is shown in Plate XXXII, Fig. 6. 
SUMMARY AND CONCLUSIONS 
A study of the Dishergarh seam in Sodepur colliery was made to investi-
gate the physical, chemical and microscopic changes undergone by coal due 
to the intrusion of a mica-peridotite dyke. 
Megascopic examination of the coal showed distortion, folding and 
fading of lustre of the vitrain bands on approaching the dyke. The coal 
near the contact has been converted into a zone of' jhama' 2J to 3 feet thick 
which appears columnar in structure. 
Chemical investigation revealed the loss of moisture, volatile matter, 
calorific value and caking power and an increase in the ash and COj percen-
tages. 
Fusain shows well-preserved cellular structures while the microstructures 
in vitrain have been obliterated. Vacuoles and cracks appear in the vitrain 
bands and these increase in number and size nearer the contact and are filled 
with secondary mineral matter. 
In the fight of these investigations it is concluded that: 
(i) The dyke has affected the coal up to a distance of 8 feet or sfightly 
beyond as the coal is practically unaltered at a distance of 11 feet. 
(ii) The chemical characteristics of the coal have changed first abruptly 
and gradually away from the dyke. 
(iii) Only fusain has retained its cellular structure even in the compa-
ratively highly altered region. The structures of vitrain are 
obfiterated indicating that it has passed through a plastic state. 
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EXPLANATION OF PLATES 
PLATE X X X I 
(All photographs are from polished surfaces) 
A specimen of 'jhSma' showing cracks filled with secondary mineral matter. The 
typical banding of a bitutninpus coal is absent. Sample No. 3, 1 fooj from th? 
contact, X (nat. size), 
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Fra. 2. A specimen of 'jhama showing traces of original banding. Sample No. 4, 2 feet 
from the contact, X (nat. size). 
Fio. 3. A specimen of coal showing intense crumpling and folding of the vitrain bands. Sample 
No. 6, 4 feet from the contact, x 3. 
Fia. 4. A specimen of coal showing moderate crumpling of the vitrain bands. Sample No. 7, 
5 feet from the contact, x 3. 
FIO. 5. A specimen of coal showing a few folded bands of vitrain. Most of the bands do not 
show this effect. Sample No. 8, 6 feet from the contact, x (nat. siae). 
FiQ. 6. A specimen ofcoal showing normal banding. Sample No. 9, 7^ feet from the contact, 
X (nat. size). 
PLATE XXXII 
(Figs. 1 to 4 are from polished surfaces of coal in incident light; Figs. 5 and 6 are from thin 
sections of dyke in transmitted light) 
FIO. 1. Carbonized vitrain band showing small vacuoles filled with secondary mineral matter. 
Sample No. 6, 4 feet from the contact, x 145. 
FIG. 2. Same features as in Fig. 1. The vacuoles are larger in size. Sample No. 3, 1 foot 
from the contact, X 215. 
FIG. 3. Fusain showing woody siruciure. Well-preserved 'Bogensiruktur' is seen in the top 
left-hand side. Sample No. 7, 5 feet from the contact, x 175. 
FIO. 4. Fusain showing scalariform thickenings fn a woody tissue. Sample No. 4, 2 feet 
from the contact, x 175. 
Fio. 5. Mica-peridotite dyke showing small grain size of minerals due to the effect of chilling 
at the contact. Sample No. 2, mica-peridotite dyke, x 33. 
FiQ. 6. Mica-peridotite dyke showing normal grain size of minerals. Sample No. 1, mica-
peridotite dyke, X 33. 
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ABSTRACT 
The cleat direction in the coal seams of the Baniganj coalfield has been measured from 
the Luchipur ooUiery in the east to North Laikdih colliery in the west within a stretch of 32 
miles. The measurements were made a t 24 localities, 16 in the Baniganj measures and 8 in 
the Barakar measures. 
The general direction of cleat is NK.-SW. varying from N. 20° E . to N. 80° E. I n a limited 
area the cleat direction maintains a constant trend. Minor cleats have also been observed. 
These are more prominent in coals in which vitrain bands predominate. 
The relationship of the cleat direction with tectonic movements could not be established, 
as investigations of a more detailed nature are necessary to solve this question. I t is 
tentatively suggested tha t the cleat has originated on shrinkage of the coal seams in the last 
phases of their consolidation. 
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INTEODTJCTION 
The Raniganj coalfield is situated about 130 nailes north-west of Calcutta 
within longitudes 87° 20' and 86° 36' and latitudes 23° 32' and 23° 51'. The 
junior author visited the area during the winter season of 1954-5*5 for field 
work in connection with the petrological examination of the coals and collected 
representative samples from aU the workable coal seams in the different 
collieries. It was felt that a study of cleat in these coals should be made. At 
the suggestion of Prof. P. N. Ganju, the area was revisited during the winter 
season of 1957-58. The cleat direction was measiired at several collieries in 
* Since deceased. 
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different seams within an east-west stretch of 32 miles. The petrologicaf 
iavestigation is nearly complete and the work is being submitted shortly in the 
form of a thesis for the Ph.D. degree. The entire investigation was made 
under the guidance of Prof. P. N. Ganju, Head of the Geology Department, 
.Migarh Muslim University, and this paper constitutes a part of the main 
investigation. 
The Baniganj coalfield has attracted the attention of many workers 
notably of Blanford (1861), Oldham (1860, 1861), Cotter (1917), Simpson and 
Ball (1922), Bradshaw and Sahni (1925), Fox (1928, 1931a, 19316, 1934), Gee 
(1928, 1930,^  1932), Dutt et al. (1950) and Mehta (1948, 1956). As a result 
much data««e-available regarding the geology, structural features and economic 
resources of the coalfield. 
The correlation of some seams in the Raniganj measures, based on micro-
floral assemblages, was attempted "by Mukherjee (1942), Sen (1944) and Ghosh 
and Sen (1948). 
The first attempt to examine the Baniganj coals in transmitted light 
was made by Lomax (see CaldweU 1927-28, pp. 67-69) who described the coal 
from the * Bottoni seam ' at Victoria colliery (Barakar measures) and observed 
' » portion of the finely laminated red substance, composed mainly of leaf 
laminae, separated by other laminae of a structureless nature, amongst which 
are a large number of small grains of mineral matter, probably argillaceous'. 
He d^eribed durain as 'composed of a grey grou^dmass, dotted aU over with 
the white particles of mineral matter'. Later, detailed work on the petrology 
of the Indian coaJs was carried out by Ganju (1965a) who described the micro-
structures of a few coal seams from the Raniganj coalfield imder transmitted 
Jight and brought to light a number of interesting features. 
As far as the present authors are aware, practically nothing is known 
about the cleat direction of the Raniganj coals. 
According to Gree (1932), the succession in this coalfield is as foUows: 
Recent and Sub-Recent . . Alluvial and lateritic deposits. 
Uppe^ Gondwanas . . Supra-Panchets (of Panchet hill, etc.). 
(? = Durgapur beds). 
(? Unconformity). 
Panchet series. 
f Raniganj measures. 
Damudas. A Ironstone shales. 
Lower Gondwanas • • \ ^ Barakar measures. 
Talchir series. 
(Large unconformity). 
(Archaeans). 
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The total area of the coalfield is about 619 sq. miles. The Barakar 
measures comprise 2,100 ft. thick strata and contain seven main coal seams; 
the Raniganj measures attain a total thickness of 3,400 ft. and contain ten maia 
coal seams. The two measures are separated by 1,200 ft. thick Ironstone 
shales. 
Recently Mehta (1956) has revised the correlation of some coal seams in 
the Raniganj and Barakar measures. He has modified somewhat the previous 
correlation by Gee, but the number and succession of the main coal seams 
remain the same as worked by Gee (1932). According to the revised correlation 
of Mehta (1956), the various seams are met in the following descending order: 
Baniganj measures (3,400 ft.) 
X. Hirakhun-Narsamuda seam. 
IX. Gopalpm'-Upper Dhadka-Satpukhuria-Ghusick-Siarsol-Upper Kajora 
seam. 
VIII. Bora Chak-Nega-Jemeri-Raniganj-Lower Kajora-Jambad-Bowlah-Ban-
kola seam. 
VII. Lower Dhadka-Narrainkuri-Bansora-Sonachora-Bonbahal seam. 
VI. Shripur-Toposi-Kenda-Chora-Purushottampur seam. 
V. Bara Dhemo 
Raghunathbati-Manoharbahal-Rana-Poriarpur-Satgram-Jetejanaki-
Dobrana-Darula-Manderboni-Sonpur seam. 
IV. Dishergarh-Dhasul Chichuria (?)-Samla Gobindpur seam (?). 
III. Hatinal-Koithee seam. 
II. Sanctoria-Poniati seam. 
I. Taltor seam. 
(Ironstone shales—1,200 feet thick) 
Barakar measures (2,100 ft.) 
VII. Chanch-Begunia seam 
Shampur ' 3 ' (local). 
VI. Shampur ' 4 ' seam 
Ranmagar-Bahira (?)-Salanpur ' D ' (?) (local). 
V. Laikdih-Shampur ' 5 ' and ' 6 '-Bahira ' 1' and ' 3 ' seam. 
IV. Gopinathpur-Bahira ' 5 '-Salanpur ' C '-Gourangdih-Kasta seam. 
III. Bindapur-Salanpur'B' (?) seam. 
II. Kalimati-Damagoria-Salanpur ' A ' seam 
Metadih seam (local). 
Puaai seam. 
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One of the important physical features of the coal seams is their jointing. 
Most of the coals break naturally into rectangular or cubical blocks showing 
three sets of faces nearly at right angles to each other. Of these, the hori-
zontal faces are usually found to coincide with the thin layers of fusain. The 
vertical jointing consists of two sets, nearly at right angles to one another, and 
the term ' cleat' is usually applied, to the sharply defined joint. The cleat 
directions, discussed in this paper, were measured along the sharply defined or 
better developed cleat planes. 
Mammatt (as quoted in Raistrick and Marshall 1939) was the first to 
publish a note on the cleat in coM in 1834. This author observed: ' The extra-
ordinary uniformity in the direction of the slynes (cleat) . . . seems to have 
been determined by the operation of some law not yet imderstood.' In 1856, 
Phillips (as quoted in Raistrick and Marshall 1939) noted that the cleat ' runs 
most generally to the north-west' in Northumberland and Durham. The 
same direction prevails in Yorkshire, Derbyshire and Lancashire. 
Regarding the cleat in coals Jukes (1862, p. 153) states: ' They break or 
split not only along the bedding, but across it, along two sets of planes at right 
angles to the bedding and to each other. The smooth clean face produced by 
one of these planes are more marked and regular than that produced by the 
other, as may be seen by examining any lump of coal.' The same author 
observes further (Jukes 1862, p. 213): ' I believe it to be a true " jo in t" 
structure, carried out nlore completely and minutely through the mass of the 
coal than through most other rocks, as we might expect in one of such a fine 
grain, light specific gravity, and homogeneous substance as coal, and one that 
has been subject to so much contraction as it passed from a mere mass of 
vegetable matter into the consistence of a rock.' 
On the origin of cleat, Giekie (1903), who described cleat in coals as 
' well-developed system of joints', writes as follows: ' The contraction of rocks 
gives rise to fissures of retreat in their mass, whether it results from the drying 
and consolidation of aqueous sediments or from the cooling of masses that 
have been molten or have been highly heated.' 
In 1908 Kaiser (see Stutzer and No^ 1940) described the cleat in the Lower 
Rhenish brown coal district. He concluded that numerous cleat joints running 
parallel to the fault which cuts through the brown coal of the foothills were 
produced by tectonic processes. 
In England, Kendall (1914) measured the direction of cleat in a number 
of collieries and observed ' the absolute independence of the cleat in coal 
seams' and explained the cause of cleat as follows : 'Why does the jointing 
in the coal take a course absolutely unrelated to that of the enclosing 
measures? The first proposition I would advance is the obvious one that 
the two sets were produced by forces operating in different directions and at 
different times. The cleat would, I imagine, be produced first—otherwise it is 
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difficult to understand why a fragile substance like coal should have escaped 
shattering by the force that jointed the other rocks, whereas if it had already 
acquired a cleat it might yield to later strains or stresses without the produc-
tion of a fresh system of fractures.' 
Kendall (see Raistrick and Marshall 1939) addressed circular letters to 
every colUery manager in the British Isles and abroad to others in all the 
coal-producing countries of the world. An analysis of the replies showed the 
general preponderance of cleat direction (north-west to south-east) in the 
northern hemisphere. 
In 1915 Hoflfer (see Stutzer and Noe 1940) described the cleat of the 
Ostrava-Karvin bituminous coal district and concluded that the development 
of cleat is not a tectonic phenomenon but the cleat joints are contraction 
fissures. 
Kendall and Wroot (1924) considering the r^ularity in cleat observed: 
'While it is not strictly true that the direction is invariable over the whole 
world there is a direction so generally pi;evalent in spite of all local deviations 
that some common cause must clearly be invoked.' 
Dron (1925) made investigations to establish relationship between cleat and 
tectonic structures in the Scottish coalfield. His observations revealed that 
the directions of cleat were found at varying angles with the strike of the coal 
seams. This writer does nojfc agree with the views of Kendall and Wroot and 
states: ' The evidence, so far as Scotland is concerned, seems to point to the 
conclusion that the cleat joints have been imposed on the strata at an early 
stage in the history of their formation, probably at a time when the rocks 
were drying out.' 
BaU (1936) described the mineral filled cracks in the coal (No. 6 bed, 
West Frankfort, Illinois) and suggested that cleat represents the results of the 
late Palaeozoic djoiamic movements while the minor fractures were formed by 
previous and less extensive movements. 
Raistrick and Marshall (1939) state that one constituent of all coal ashes 
is the inorganic matter (films of calcite or ankerite) deposited in the cleat 
planes and observe: ' In the case of a coal like anthracite, free from cleat, 
this fraction of the ash wiU be missing. As this sparry material has been 
introduced into the jointing after the formation of cleat, by percolation from 
the overlying measures, we may have here an explanation of the better quality 
often seen in a seam when under a roof of unbroken and impervious shale, as 
copipared with the same seam under a sandstone roof.' 
Regarding the origin of cleat, Stutzer and No^ (1940) have stated: 
' Inasmuch as O. Stutzer considers that cleat consists of parallel rupture planes 
produced by pressure, he does not concur in the explanation offered by Hoffer.' 
It is strange that no studies of cleat traversing the Indian coals have been 
made by Indian geologists till now. Stonier (1904-5) published a note 
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in which he has described the seam at Sodepur colliery, Raniganj coalfield, and 
L. ^ served: ' The cleat is.praetically parallel to the dip or nearly north and south, 
but it has a slight western hade.' This author also mentions that the No. 4 
seam at Borrea colliery, Raniganj coalfield, shoWs the cleat ' practically parallel 
with the strike, but it is not well developed'. This author mentions further 
the lOi ft. seam at Bhaga colliery, Jharia coalfield, in which the 'cleat is 
vertical and nearly vparallel with the strike, but it is not well developed'. 
Fox (1931a) while describing the physical characters of Indian coals 
considers the importance of cleat as follows: 'Master joints in rocks and 
the main cleat in a bed of coal traverse the whole of a given section' of the 
rocks or the whole seam. Cleavage planes may be close together or relatively 
far apart. In the former case, usually found in folded strata, the coal will be 
obtained in small pieces or will fall to pieces in handling. In the latter case, 
large pieces of coal can be readily extracted. If the cleavage is poorly devel-
„ j3|>ed the mining of the coal is more difficult, as the coal will have to be broken 
irregularly or fractured.' 
CLEAT DIRECTION m THE RANIGANJ COALFIELD 
In order to ascertain the nature of the cleat direction in the Raniganj 
coals, measurements were made at 24 localities, 16 in the Raniganj measures 
and 8 in the Barakar measures. The measurements were taken in the under-
ground workings except in the two quarries of Khaa Nirsa and SE. Badjna 
coUieries. The distance covered from Luchipur colliery in the east to North 
Laikdih colliery in the western part of the coalfield is about 32 nules. Un-
fortunately, due to lack of time, measurements could not be taken from all 
the seams in all the collieries. The measurements given in the accompanying 
table indicate the direction of cleat within a stretch of about 32 mUes. The 
directions of cleat in difierent collieries in the "Raniganj coalfield are shown in 
the map and their variation is represented in Text-fig. 1. 
CLEAT IN THE BARAKAB MEASURE COALS 
The cleat was measured in four seams of the Barakar measures in eight 
localities. It was observed that the cleat direction does not remain constant, 
but varies within a wide range of N. 20° E. to N. 77° E. For all seams the 
deat traverses the strike directions at angles varying from 37° to 75°.. 
I t has been noticed that in the North Laikdih colliery the Shampur Nos. 
5 and 6 seains have same strike directions, and a common direction of cleat, 
N. 50° E. The hade of the cleat plane in No. 6 seam is vertical and in No. 6 
seam it is 2° north-westwards. 
Another example of a common cleat direction was observed in the Kapa-
sara coUiery, Incline No. 2. At this colliery the Kalimati and Mefthadih 
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Diagram showing strike and hade of cleat in the coal seams of 
the Raniganj coalfield 
TBXT-riQ. 1. The maximum number of common strikes is represented 
by heavy lines, 3-4 by mediimi lines and single direction of strike by liglit 
lines. The cleat directions in the Raniganj coal measure seams are shown in 
the outer circle and those of the Barakar measure seams within the inter-
mediate circle. The numbers correspond to those shown in the mftp. 
* 
seams show a direction of cleat N. 40° E. with a westerly hade of 4° and 8° 
respectively. Both the seams strike E. 20° S. with a gradient of 1 in 6. 
From these two examples it is inferred that, although the direction of 
cleat does not remain constant over a wide area, in a particular locality it is 
constant for all the coal seams. However, it has not been observed so in all 
cases in the Raniganj measures and this fact shall be discussed later on. 
It is also of interest to note that the cleat direction in Bindabanpur seam 
in Kooardih colliery is N. 20° E. while at Khas Nirsa colliery the Shampur No. 
5 seam shows it in N. 77° E. direction. The former coUiery is about one mile 
due east of the latter. Further, the Gopinathpur seam at SE. Badjna colliery, 
situated about half mile NE. of Khas Nirsa coUiery, shows a cleat direction of N. 
72° E. showing a deviation of 5° only. This obser-vation further supports the 
erence 
'^.directjgli? 
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earlier that in a particular locality the cleat maintains its 
CLEAT IN THE BANIGANJ J^IEASUBE COALS 
Thq direction of cleat was measured at 16 loealities for eight seams of the 
Raniganjj measures. All the seams fihow a general NE.-SW. cleat direction. 
Like thft coal seams of the Barakar measures, the cleat direction does not 
remain strictly constant but, on the whole, most of these seams show a direc-
tion ranging from N. 20* E. to N. 32° E., though at five localities it ranges from 
1 .^ iO^E. toN. 80°E. 
Again, as noticed previously, tiie phenomena of a common cleat direction 
at one locality has been observed in the Raniganj measures also. At Sheetal-
pur colliery. Pit Nos. 3, 4 and 5, the Hatinal, Dishergarh and Sanctoria seams 
shff* a'^leat direction of N. 30° E., N. 30° E. and N. 32° E., respectively, and 
*' a corres]|[)onding hade of 6° westwards, 4° eastwards and 6° eastwards. The 
Upper I^jora and Lower Kajora seams at Luchipur colliery, D.C. Pit, show 
cleat dirbctions N. 30° E. and N. 26° E., respectively, with a 2° westerly hade. 
But! there are, however, a few exceptions.- At Gpirimint colliery, Pit Nos. 
, 1,2 and 3, the Rana, Koithee and Poniati seams show varying cleat directions 
of N. 40"^  E.,N. 25° E. and N. 80° E., respectively. Again, at Main Dhemo 
colliery. Pit Nos. 1 and 2, the Raghunathbati seam has cleat in N. 20° E. 
direction while the Dishergarh seam cleats in a N. 30° E. direction, respectively. 
The DisheFgarh seam at Sodepur colliery. Pit Nos. 9 and 10, Sheetalpur 
coUiery, Pit No. 4, and Main Dhemo cdUiery, Pit No. 2, shows an unchanging 
N. 30° E. cleat direction over a distance of five nules. 
In Ilanigqjij measure coals the cleat was noticed to traverse the coal seams 
at varying angles to their strike directions (21°-86° 30') as noticed in the case of 
the Barakar measures also (37°-75°). ' 
Apaft from the main cleat planes, which divide the coal seams into rect-
> angular or cubical blocks, minor cleats in the individual bands were also ob-
served. In durainy coals this type of cleat is scarcely observed while in coaJs 
rich in vi train they are very prominent. Plate XI, fig. 1, illustrates a specimen 
of durair y coal (Damagoria seani) of the Barakar measures in which the cleat 
is nearlyl absent, but-in Plate XII, fig. 2, which represents a vitrainy coal 
^Laikdihlseam) of the Barakar measures, the cleats are represented by short, 
straight white lines crossing the bedding of the coal ingredients. The other 
wrinkledi white lines in the figure represent fractures. 
Plate X n , fig. 1, illustrates a coal specimen of the Bara Dhemo seam, 
Raniganj measures, in which a number of parallel cleats are seen cutting across 
the different ingredients of the coal. These cleat planes appear white due to 
the infiltered mineral matter. The vitrain bands in the upper portion of the 
figure are slightly dislocated. This figure also shows a horizontal parting or 
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deai) parallel to a fusain band -in the lower left-hand portion near the edge. 
iPlate^XI, fig. 2, is a specimen of Poniati seam showing minor cleats traversing 
the vitrain bands. The reason for the better development of cleat in more 
vitrainy coals is most probably due to the brittleness and homogeneity of the 
vitrain bands. 
In conclusion it may be said that the general direction of cleat in the 
Raniganj coalfield is KE, to SW. But this direction does not remain constant 
all over the stretch of 33 miles covered. There are examples of cleat remain-
ing cdilstant in a particular locality but on the other hand it has markedly 
deviated even at the same locality. The cleat has been observed to traverse 
bhe coal seams at varying angles. No definite conclusion can be arrived at 
regarding their association with tectonic movements as the data available is 
scanty for this purpose. However, it is interesting to study in detail the cleat 
pattern in the Raniganj coalfield and understand its origia. It has also to be 
ascertained how best to make use of this natural gift if the cleat directions are 
known prior to the laying out of a mine. 
Regarding the origin of cleat it is suggested that it has been produced on 
shriixkage of the coaJ during the last phase of its consolidation aided by heat 
Eaid pressure of the overlying strata. The nature of the cleat traversing the 
X)al seams across their strike indicates shrinkage as is expected from a linear 
body in which the cracks appear across it on drying. Moreover, the origin of 
coal from vegetable matter seems to support this view because the vegetable 
eptss -Jindetgoea decay and djying more extensively as compared to other 
redimentary rocks. 
StTMMAEY AND COKCLTTSIONS 
The cleat direction in the Raniganj coalfield was measiu-ed within a stretch 
af 32 nules between the Luchipur colliery in the east and North Laikdih 
jolliery in the west. The aim of the study was to ascertain the general direc-
;ion of cleat in this coalfield as practically no work has been done in this line 
all now. The measurements show a general NE.-SW. cleat direction in this 
soalfield. 
The cleat was measured in four seams of the Barakar measures in eight 
ocalities. The cleat direction varies from N. 20° E. to N. 77° E. showing a 
variation of 57°. At Kapasara and North Laikdih collieries the cleat main-
;ains a common direction of N. 40° E. and N. 50° E., respectively. The^leat 
ii^rections at Khas Nirsa quarry and SE. Badjna quarry show a variation of 
>nly 5° within a distance of half a mile. 
Measurements of cleat in eight coal seams of the Ram'ganj measures were 
nade at 16 localities. Most of these seams show a N. 20° E. to N. 32° E. direc-
;ion but at five localities it varies from N. 40° E. to N. 80° E. The constancy 
>f cleat was noticed at the Sheetalpur colUery in the Sanctoria, Hatinal and 
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Dishergarh seams showing W. 32° E., N. 30* E. and N. 30° E. directions, respec-
tively. The Upper Kajora and Lower Kajora seams at Luchipur colliery 
showed nearly common cleat directions of N. 30° E. and N. 26° E., respec-
tively. From these examples it is concluded that the cleat direction generally 
remains constant within a limited area. 
There are two exceptional cases. The Poniati, Koithee and Rana seams 
at Girimint coUiery show markeci variation in the cleat direction, these being 
N. 80° E., N. 25° E. and N. 40° E^, respectively. Another such example was 
observed at Main Dhemo colliery for Dishergarh and Raghunathbati seams 
showing N. 30° E. and N. 20° B, direction, respectively. 
The Dishergarh seam at Sodepur, Pit Nos. 9 and 10, Sheetalpur, Pit No. 4, 
and Main Dhemo, Pit No. 2, however, shows * constant cleat direction of N. 
30° E. over a distance of five miles. 
Minor cleats in the individualhands O^eo^dr whichia more prominent in 
the vittaisiy b&ads, have also beeo. observed. Iti mote dutaiay coala it is -practi-
cally absent. In the coal specimen from Bara Dhemo seam, the vitrain bands 
are slightly dislocated. Mineral matter has invariably infiltered in these minor 
cleats. It is inferred that in well-cleated coal3 the asli percentage should be 
higher under a pervious roof. • 
The cleat might have originated due to the shrhiking of coal seams during 
the last phases of their drying aided by heat and pressure of the overlying 
strata. Further study is needed to ascertain the exact nature of the cleat 
directions and their origin. 
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EXPLANATION OF THE PLATES 
(All photographs are from polished surfaces of coal blocks) 
PLATK XI 
i *.,. 1. A block of durainy coal in which the cleats are less prominent. 
Uamagoria seam, Barakar measures, top section (X 3). 
P I G . 2. A block of vitrainy coal showing minor cleats which appear as straight white lines 
cutting across the bedding of the coal ingredients. The cleat is not very well 
developed. 
Poniati seam, Raniganj measures, bottom sefction ( x 3). 
PLATE X I I 
¥w. 1. A block of vitrainy coal showing prominent minor cleats which appear white due to the 
infiitered mineral matter . The vifrain bands are seen dislocated in the upper half of 
the figure. I n the lower left-hand portion near the edge a horizontal cleat is seen 
parallel to a layer of fusain. 
Bara Dhemo seam, Raniganj measures, middle section ( x 3). 
F I G . 2. A block of vitrainy coal showing minor cleats which appear as short straight white 
lines across the bedding of the coal ingredients. The wrinkled white lines are the 
fractures filled with mineral matter . 
Laikdih seam, Rarakar measures, bottom section ( X 3). 
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